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Lay Summary
Dogslife is the first large-scale study that aims to follow a group of dogs
throughout their lives. Owners of pedigree Labrador Retrievers across the UK
have been recruited to repeatedly answer an online questionnaire about their
dog’s lifestyle, height, weight and health. This thesis relates to over 4,000 dogs
using data collected until they were up to four years of age.
Initial work was undertaken to check that the questionnaire was well under-
stood by the owners and that the data being collected accurately reflected the
dogs’ lives. Owners were visited and veterinary records collected. Both investiga-
tions yielded positive results but it appeared that owners forgot to report illnesses
if they did not complete the Dogslife questionnaire frequently.
Accelerometers (devices that measure activity) were sent to a sample of the
group and the results were compared to the Dogslife exercise questionnaire. The
questionnaire answers were related to accelerometer readings which indicated that
the dogs were being sedentary, and undertaking light and moderate to vigorous
exercise.
On average, Dogslife dogs were exercised for over two hours each day with
the time spent being dominated by time off lead and on other activities. Dogs
in England spent less time exercising than those in Scotland and Wales, and
dogs in family households spent less time exercising than those in single adult
households or households comprising more than one adult. Despite being pedigree
animals, the males in the cohort were 2-3cm taller than the breed standard. On
average, the females met the breed standard but there was wide variation for
both sexes. Working dogs in the cohort were over 2kg lighter than household
pets and chocolate coloured dogs were 1.4kg heavier than their black and yellow
counterparts. Dogs in multi-dog households were 0.5kg lighter than those in
households with no other dog. Heavier dogs spent less time fetching, chasing and
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retrieving and on other exercise.
Over 6,000 signs of illness were reported to Dogslife in the first three and half
years and approximately half of them did not involve a veterinary visit. Reported
signs were dominated by vomiting and diarrhoea, both of which peaked when the
dogs were between 3-6 months of age. For the first time, rates of diarrhoea were
shown to be positively associated with human population density in the UK.
Limber tail (a condition characterised by a limp tail) was found to be associated
with swimming in the cohort and working dogs were more likely to develop the
condition than pets. Analyses suggested that the illness might be partially due
to a genetic predisposition.
Data from the Dogslife project provide a unique resource for investigating the




Dogslife is the first large-scale, longitudinal cohort study of canine lifestyle,
morphology and health. The project involves recruiting the owners of UK-based,
Kennel Club registered Labrador Retrievers and asking them to submit data
about their dogs via an online questionnaire repeatedly as the dogs age. In
this thesis, I have analysed Dogslife data regarding the lifestyle, morphology and
health of Labrador Retrievers up to four years of age.
A validation study was initially undertaken in order to understand the quality
of the Dogslife data because this would underlie all future investigations. Owners
were visited and veterinary records scrutinised. It was determined that Dogslife
illness reports were subject to recall decay and that minor changes would improve
the usability of the questionnaire. Accelerometers were subsequently sent to
a subset of the cohort and aspects of the Dogslife exercise questionnaire were
found to be correlated to accelerometer readings indicative of sedentary, light
and moderate to vigorous exercise.
Overall, Dogslife dogs were exercised for over two hours each day with the
time spent being dominated by time off lead and on other activities. Dogs in
England spent less time exercising than those in Scotland and Wales and dogs in
family households spent less time exercising than those in single adult households
or households comprising more than one adult. Despite being pedigree animals,
the males in the cohort were 2-3cm taller than the breed standard. On average,
the females met the breed standard but there was wide variation for both sexes.
Working dogs in the cohort were over 2kg lighter than household pets and choco-
late coloured dogs were 1.4kg heavier than their black and yellow counterparts.
Dogs in multi-dog households were 0.5kg lighter than those in households with
no other dog. Heavier dogs spent less time fetching, chasing and retrieving and
on other exercise.
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Over 6,000 signs of illness were reported to Dogslife in the first three and
half years and approximately half of them did not involve a veterinary visit.
Reported signs were dominated by vomiting and diarrhoea, both of which peaked
when the dogs were between 3-6 months of age. For the first time, rates of
diarrhoea were shown to be positively associated with human population density
in the UK. Limber tail was found to be associated with swimming in the cohort
and working dogs were more likely to develop the condition than pets. Genetic
analyses identified regions of interest that might predispose the dogs to limber
tail on chromosomes 6 and 30.
Data from the Dogslife project provide a unique resource for investigating the
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This thesis comprises an epidemiological study of Labrador Retrievers (LRs).
The findings reported are based on the Dogslife project (Dogslife [2015]), which
collects data from the owners of a cohort of pedigree dogs in the United Kingdom
(UK). As part of my studentship I reviewed canine cohort studies (Pugh et al.
[2014]) and present this review below as an introduction to the thesis.
Understanding the factors relating to disease in a population is important for
anticipating and dealing with health care needs. Studying the health of popu-
lations and identifying population-wide strategies to improve health can be un-
dertaken in a number of ways. Beyond descriptive approaches, analytical studies
can be split into experimental and observational investigations. Dohoo et al.
[2010a] distinguished observational studies from experimental studies, where in-
vestigators control the allocation of subjects to study groups, by suggesting that
in observational studies, investigators “try not to influence the natural course of
events for the study subject”.
Epidemiologists traditionally divide observational studies into case-control,
cross-sectional or cohort study designs (Thrusfield [2005]; Dohoo et al. [2010a]).
The advantages and disadvantages of each of these study types, particularly with
regard to susceptibility to bias, are fully described in Table 1.1. In brief, case-
control studies are particularly useful for rare diseases but lack an ability to clarify
temporal relationships between events and exposures. Cross-sectional studies can
be performed at a single time point and allow investigators to seek associations
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between potential risk factors and outcomes, but again do not allow the assess-
ment of temporal dependencies. Cohort studies, where individuals are tracked
through time, solve this problem as investigators can assess whether risk factor
exposures are followed by outcomes in individuals. This element of time de-
pendency is crucial to infer causation between risk factors and disease, and to
understand transmission dynamics of infectious diseases. Further, cohort studies
lend themselves to analysis of the effect of long-term exposure to a risk factor
or treatment and, with targeted recruitment, are ideally suited to examine the
effect of rare risk factors. Unfortunately cohort studies necessarily involve a large
investment of time and finances, both to set up and maintain. Historically, they
take time to yield results and have therefore been used sparingly in the field of
canine disease.
Studies from human medical literature will be discussed before describing
the types of canine cohort studies reported to date. Dogslife is an attempt to
apply approaches more normally found in human medicine. Applied to canine
epidemiology, the techniques have immense potential for health advances.
1.2 The benefits of cohort studies: Comparative
examples
One of the most widely renowned cohort studies in human medicine is the Fram-
ingham Heart Study. Researchers recruited a group of over 5,000 women and men
aged between 30 and 62 years old living in Framingham, Massachusetts in 1948.
The cohort were evaluated every two years regarding their medical status and
lifestyles, including physical examinations and collection of biological samples for
laboratory testing. The study identified many of the major cardiovascular dis-
ease risk factors which we take for granted today, such as high blood pressure,
high blood cholesterol, smoking, obesity and diabetes (Mahmood et al. [2013]).
The analysis of the Framingham cohort has resulted in over 2,000 peer reviewed
publications, and aptly demonstrates how the detailed, repeated evaluation of
modestly sized cohort groups can result in the identification of risk factors for
disease which have global significance.
Another important early cohort study of human health was undertaken in
the UK in 1951. The aim was to address concerns about an observed association
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Table 1.1: Advantages and disadvantages of different observational study types
Potential goals Advantages Disadvantages
Cross-sectional
Population prevalence Relatively simple. Poor for rarer exposures
of exposure and/or Relatively cheap. and outcomes.
outcome. Relatively quick. No causality may
Associations between Good for common be inferred as
exposures and conditions and exposures and outcomes
outcomes. exposures. are measured
May assess multiple contemporaneously.
exposures and Highly susceptible





Associations between Relatively cheap. Choice of controls
exposures and Relatively quick. notoriously difficult.
outcome. May assess long May only examine one
Strength of latent periods. outcome.
association in the Good for rarer Odds ratio not an
form of odds ratio outcomes. intuitive measure.
between exposure(s) Highly susceptible to
in controls and selection and information
exposure(s) in cases. bias and population
stratification.
Cohort
Incidence rates. Good for rare Not simple.
Temporal associations exposures. Not cheap.
between exposures May examine multiple Not quick (unless
and outcomes. exposures and retrospective).
outcomes. Highly susceptible to
May assess long retention bias.
latent periods. Susceptible to






between smoking and lung cancer. To examine the question of causality, the study
was designed to determine whether it was possible to predict someone’s risk of
developing lung cancer from their smoking habits earlier in life (Doll [1999]).
Over 40,000 doctors were recruited, which was over two thirds of the doctors on
the British Medical Register at the time. The study went on to investigate the
impact of smoking on diseases beyond lung cancer, including vascular disease and
other neoplasias (Doll et al. [2004]). Ultimately the cohort was so valuable that
the members were followed for their lifetime and the last questionnaire was sent
out some 50 years later.
Two more recent studies which have illustrated the power of large scale cohort
studies are the Avon Longitudinal Study of Parents and Children (ALSPAC)
(Golding [1990]) and the Italian NINFEA cohort (Richiardi et al. [2007]). Both
are birth cohorts, initially designed without specific hypotheses in mind. Instead
they set out to collect information on a variety of exposures to broadly investigate
pregnancy and the early life of children. In the case of ALSPAC, investigations
went back even earlier, with assessment of antenatal risks, such as the impact
of maternal drinking prior to conception and in early pregnancy on birth weight
(Passaro et al. [1996]).
The ALSPAC study team faced great difficulty obtaining funding in the initial
years of the project (Overy et al. [2012]). As time passed and significant risk
factors started to be found and reported, it became more widely recognised that
the cohort was an incredible resource that should be maintained in the long-
term. The cohort and findings generated by working with its members have
been summarised by Fraser et al. [2013]. The open-ended investigative approach
resulted in the identification of a range of phenotypes and influencing factors that
could not have been predicted by the investigators at the start of the study. The
costs of recruiting the cohort would have been wasted if contact with members
were lost before these discoveries could be made.
Analyses of the ALSPAC cohort did not stop with exploration of early-life
influences. As the costs of collecting, archiving and analysing DNA reduced it
became possible to add genetic data to the wealth of phenotypic data and explore
the interaction of genotype with other variables. Over more than 20 years the
ALSPAC team moved from having a relationship with pregnant mothers to having
a relationship with the children from those pregnancies. These children have
grown to start their own families and the next generation are also being recruited
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into the study. A wealth of discoveries guiding national public health policy
have been made during the study. These include understanding the influence of
sleeping position on the risk of cot death (Golding et al. [1992]; Hunt et al. [1997])
and the benefits of eating oily fish on children’s mental development (Daniels et al.
[2004]), both of which have directly led to the development of guidelines for best
practice.
Between 1996 and 2001, the Million Women Study recruited women over 50
in the UK (The Million Women Collaborative Study Group [1999]). Recruitment
through breast cancer screening centres built-in a reliable method of ascertaining
the primary outcome of interest - the incidence of breast cancer. Environmental
influences were captured in a lifestyle questionnaire that was completed at re-
cruitment and periodically thereafter. Information regarding other disease events
such as incidence of fractures was also collected via the follow-up questionnaires
(Banks et al. [2004]).
The main finding from the Million Women Study regarding the impact of
Hormone Replacement Therapy (HRT) on the incidence of breast cancer (The
Million Women Collaborative Study Group [2003]) remains controversial. An
increased incidence of breast cancer was found in the women taking HRT but it
has subsequently been argued that these women were more likely to be tested
for breast cancer, resulting in increased diagnoses. The women involved were
not randomly assigned to receive HRT so the potential for confounding cannot
be ignored. Nevertheless, the study built on results from earlier cross-sectional
studies and it had enormous power to detect associations. As the women were
followed with time, causal inference is possible. At the very least the results
of the many publications about the cohort will influence the direction of future
randomised controlled trials to try and definitively determine causal relationships.
The value of cohorts has been recognised and data collected previously are
increasingly the foundation for further analysis. For example, a team from Edin-
burgh University took advantage of historic data collection to develop a cohort of
people with results that span over 80 years. In Scotland 95% of children born in
1921 and 1936 were given an intelligence test at the age of 11. The team recruited
a subset of the survivors from these tested cohorts some 60-70 years later to in-
vestigate their cognitive function (Deary et al. [2012]) and the environmental and
genetic influences upon them. Their continuing assessment of cognitive function
has led to the discovery of an association between carrying the APOE E4 allele
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(also associated with Alzheimer’s disease) and non-pathological cognitive decline
(Schiepers et al. [2012]). The cohort is a unique resource for the investigation
of the effects of ageing on cognition and it continues as participants enter their
tenth decade.
While the benefits of cohort studies are well understood (Table 1.1), the ex-
tended time to finding results and relatively high costs are undeniable. In part to
address these costs, the US Department of Defense started to move cohort stud-
ies into the internet age when they set up the Millennium Cohort Study of US
military personnel (Gray et al. [2002]). Current and ex-military personnel were
recruited and offered the chance to answer the questionnaire by post or online.
The financial savings associated with participants replying online were such that
they offered a $5 incentive and still estimated their savings per online response
at $50 compared to those responding by post (Smith et al. [2007]). As internet
access has increased, epidemiological studies have gradually made greater use of
the technology. The NINFEA cohort is based entirely online (NINFEA [2014]).
Whilst the costs of setting up and maintaining functional and appealing web
portals are not insignificant, studies are now possible that would not have been
feasible if based on face-to-face, telephone or postal questionnaires. Building on
this experience of human studies, canine cohort studies that would have been
inconceivable are now financially viable and the potential to exploit this avenue
of research is immense.
1.3 Canine cohort studies
Despite the extensive number of findings uncovered by human cohort studies, the
design has not been widely used in canine research in the past. As discussed,
the cost and time burdens can be prohibitively high. A number of canine cohort
studies have been reported and in each case attempts have been made to overcome
the associated financial burden. The different strategies used are discussed below.
1.3.1 Retrospective methods
Retrospective cohort studies involve looking back at individuals after the events
of interest have occurred (for example disease incidence, death or pregnancy)
and the follow-up period has ended (Dohoo et al. [2010b]). These studies can be
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undertaken on a large scale with relatively little lead time or up-front costs by
using pre-existing databases such as those maintained by insurance companies
and groups of secondary veterinary hospitals or primary clinics. The advantages
and disadvantages of this type of study are summarised in Table 1.2.
Insurance databases in particular are an extremely valuable resource and are
discussed in detail by O’Neill et al. [2014a]. There is a long tradition of pet insur-
ance in Sweden and Agria insure approximately 40% of Swedish dogs (Bonnett
and Egenvall [2010]). Their database provides a powerful measure of events in
the Swedish pet canine population (Egenvall et al. [1998]). Such large electronic
resources offer the chance to study incidence rates and survival time from di-
agnosis for specific diseases, such as mammary tumours (Egenvall et al. [2005]).
However there is no requirement for private companies to make their data avail-
able. When using insurance databases, there is likely to be bias relating to the
non-random socioeconomic status of owners who insure their pets and to specific
insurance policy exclusions such as pre-existing conditions and age limits. In
addition, in countries where dog insurance rates are low, the resource would be
even less representative of the population as a whole.
Veterinary medical databases provide an alternative resource of information
on the health of populations (O’Neill et al. [2014a]). They have the advantage
of that they can be linked to ancillary resources (such as radiographic archives
and biological samples). However, the plethora of recording systems, and lack of
agreement of diagnostic criteria for the definition of specific diseases, makes them
cumbersome to use and extracting and extrapolating data is difficult. With mod-
ern textural mining tools there is scope to revisit this area (O’Neill et al. [2014a])
but the challenge of collating records from diverse recording systems remains.
Further, when these databases rely solely on groups of specialist hospitals, there
is the risk of referral bias as demonstrated by Bartlett et al. [2010].
Risk factor studies using both insurance and veterinary medical databases
are also limited by the type of data collected. In both cases, the data refer to
phenotype of the dog but not their wider environment. Postcode (location) data
have been used to assess the spatial distribution of atopic dermatitis (Nødtvedt
et al. [2007]) but the impact of the dogs’ lifestyles is not available from such
records. For example Glickman et al. [2011] were able to investigate a link between
severity of periodontal disease in dogs and subsequent chronic azotemic kidney
disease (kidney disease causing high levels of blood urea and creatinine) because
7
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Table 1.2: Advantages and disadvantages of retrospective cohort studies
Data source(s) Advantages Disadvantages
Pre-existing Relatively cheap. Non-standardised diagnostic
insurance Relatively quick. criteria.
databases May assess multiple clinical Poor generalisability in
exposures and outcomes. countries with high uninsured
May assess long latent population.
periods. No requirement for insurance
Recruitment and retention data to be made available.
simple. Potential for selection bias
according to socioeconomic
status.
Pre-existing Relatively cheap. Non-standardised diagnostic
databases Relatively quick. criteria.
from May assess multiple clinical No knowledge of wider
secondary exposures and outcomes. environmental exposures.
veterinary Potential to use ancillary Potential for referral and
hospitals resources. geographical bias.
May assess long latent
periods.




Pre-existing Relatively cheap. Non-standardised diagnostic
databases Relatively quick. criteria.
from May assess multiple clinical Non-standardised recording
primary exposures and outcomes. systems.
veterinary Recruitment simple. No knowledge of wider
clinics environmental exposures.
Potential for retention bias
as owners move practices.
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both diseases were recorded in clinical records, but environmental risk factors
like diet could not be considered. This is a major limitation of such databases;
otherwise their data on multiple disease outcomes, covering large numbers of
dogs from different breeds, would be unparalleled in terms of potential for use in
investigations.
1.3.2 Prospective Methods
Prospective studies are set up before the outcome of interest occurs and allow
investigators to pre-select study subjects and specifically determine which data
they wish to collect (Dohoo et al. [2010b]).
1.3.3 Prospective methods: Time-limited
Limiting the time at risk has been used to minimise the costs of studies where
pre-existing data are not available. The advantages and disadvantages of this
approach are summarised in Table 1.3 and one major advantage is the reduc-
tion of bias through loss to follow up. A wealth of investigations have utilised
this methodology, such as those investigating the spread of Leishmaniasis and
other vector borne diseases in dog cohorts. Studies investigating disease incidence
(Courtenay et al. [1994]; Paranhos-Silva et al. [1998]; Moreira et al. [2003]), de-
tection methods (Quinnell et al. [2003]; Oliva et al. [2006]; Gramiccia et al. [2010];
Otranto et al. [2010]; Quinnell et al. [2013]) and the impact of a culling regime
(Moreira et al. [2004]) have all used this approach. Cohort methodology was nec-
essary in each study but cost minimisation and swift reporting were facilitated
by limiting the follow-up times to from one to three vector seasons.
1.3.4 Prospective methods: Single factor
If time is not constrained, then the focus or numbers of dogs in a study may
be narrowed. The advantages and disadvantages of this type of study are sum-
marised in Table 1.4. Perhaps the best example of this comes from a study of
dietary restriction using a small group of Labrador Retrievers (48 dogs) in an
experimental setting. This controlled trial has yielded an array of findings on the
effect of dietary restriction on mortality (Kealy et al. [2002]; Lawler et al. [2005]),
immune function (Greeley et al. [2006]), and developmental joint disease (Kealy
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Table 1.3: Advantages and disadvantages of time-limited prospective cohort
studies
Data source(s) Advantages Disadvantages
According Costs and time according to Necessarily time limited
to study length of the study. so unable to assess
protocol: May assess multiple exposures long-term exposures and
May include and outcomes including wider long latent periods.
investigators, environmental exposures. Recruitment not simple.
veterinarians, Good for the study of
breeders and infectious diseases.
owners Diagnostic criteria set
according to study protocol.
Retention bias is minimised.
Table 1.4: Advantages and disadvantages of single-factor prospective cohort
studies
Data source(s) Advantages Disadvantages
According Potential to examine a Not quick.
to study single issue in great Potentially very expensive.
protocol: detail. Recruitment not simple.
May include May assess wider Potential for retention
investigators, environmental exposures. bias in uncontrolled
veterinarians, Diagnostic criteria set conditions.
breeders and according to study May only examine multiple
owners protocol. exposures OR multiple
outcomes.
et al. [1992]; Kealy et al. [1997]; Kealy et al. [2000]; Powers et al. [2004]; Smith
et al. [2006]; Szabo et al. [2007]; Runge et al. [2008]; Huck et al. [2009]; Smith
et al. [2012]). The time-span and depth of this trial (including blood sampling
and radiography at regular intervals) made it prohibitively expensive to perform
on a larger scale but data on specific aspects, such as the life-long progression of
osteoarthritis, could only be collected by following a cohort longitudinally in this
manner.
Dobson et al. [2009] undertook a study with a similarly narrow focus but were
able to recruit dogs from the normal pet population in the UK. Following 174
Flat-Coat Retrievers for up to 10 years they investigated the impact of neoplasia
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on mortality in that breed. Costs were also minimised in this case by contacting
recruited owners just once per year for a health update and asking them to
proactively contact the investigators if their dog fell ill. The study demonstrated
that over 40% of the dogs died as a result of neoplasia, reducing their lifespan by
three years compared to those that died from other causes.
Recruiting a large enough cohort to give the required power for an investi-
gation and retaining that cohort to minimise bias are both key to the success
of population-based cohort studies. Thrusfield et al. [1998] studied a cohort of
bitches for up to five years in an attempt to assess the impact of neutering on
urinary incontinence. The onus for recruiting and maintaining the cohort was
placed on volunteering veterinary surgeons. Perhaps because of this responsibil-
ity, some difficulty was encountered recruiting veterinarians to participate; whilst
233 initially agreed, only 16 went on to return data (a 7% response rate). The
authors made every effort to minimise bias through randomisation techniques but
the potential impact of selection bias on the study should not be overlooked.
Each veterinarian was asked to recruit 40 female puppies from their practices.
Should these bitches subsequently become incontinent then they were no longer
followed, whilst, by design, the remaining (continent) cohort were to be followed
for five years. The veterinarians received letters encouraging them to continue
with the study at one and three years, and a request to contact the involved
owners to check that their dogs were not incontinent after five years. The authors
cite slow initial recruitment as the main reason why only 504 dogs from an original
809 were followed for the full five years. They did not directly address how many
of the remaining 305 dogs were lost to follow-up (only 22 developed incontinence)
but retention bias may well have affected their results. Nevertheless, by focussing
on a single phenotype and spreading the responsibility for dealing with recruited
animals amongst a number of veterinarians, it was possible to follow enough dogs
to determine that neutered bitches had a risk of urinary incontinence that was
nearly eight-fold that of intact bitches.
1.3.5 Prospective methods: Hypothesis generation
Beyond studies that focus on one disease or one exposure, there has been a move-
ment in canine epidemiology toward the broader studies undertaken in human
medicine such as the example of ALSPAC mentioned above (Overy et al. [2012]).
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Table 1.5: Advantages and disadvantages of prospective cohort studies for
hypothesis generation
Data source(s) Advantages Disadvantages
According May assess multiple exposures Not quick.
to study and outcomes including wider Not cheap.
protocol: environmental exposures. Delay to results and
Animals Diagnostic criteria set lack of specific focus
typically according to study protocol. make funding difficult.
population- Potential to describe health Recruitment not simple.
based but and lifestyle of current High susceptibility to
data may be population. retention bias.
generated by Potential to assess the broad Potential for poor
investigators, impact of lifestyle on diagnostic accuracy if
veterinarians, disease. reliant on owner
breeders and Potential to generate new reporting.
owners hypotheses.
The advantages and disadvantages of this type of study are summarised in Ta-
ble 1.5. These studies do not necessarily aim to test a single hypothesis but rather
gather data to identify new areas of investigation. In canine medicine, question-
naires have been developed that cover a wide range of potential exposures and
disease outcomes and they are directed at breeders, owners and veterinarians.
These studies have the disadvantage of relying on non-standardised data inputs
where each animal is assessed by a different person with disparate (or no) training.
However the studies are able to recruit more participants, and their subjects are
more representative of dog lifestyle in the wider population than those followed
under controlled conditions.
A 10-year cohort study of pedigree Boxers in the Netherlands recruited over
90% of the litters born in 14 months of 1994-5, initially comprising 2,629 pup-
pies. The study used diary-format records and face-to-face assessment with the
breeders but moved on to six-monthly questionnaires with owners. Pre-weaning
mortality (Nielen et al. [1998]; van der Beek et al. [1999]) and post-weaning mor-
tality (van Hagen et al. [2005a]) were assessed and, due to the large numbers of
dogs involved in the study, all with pedigree information, the investigators were
able to make heritability estimates for phenotypes (Nielen et al. [2001]) and com-
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mon diseases such as cryptorchidism (failure of one or both testes to descent to
the scrotum), cranial cruciate disease (degeneration of the cranial cruciate liga-
ment) and epilepsy (Nielen et al. [2003]) (a neurological disease characterised by
the development of seizures) and hip dysplasia (a developmental malformation of
the hip joints) (van Hagen et al. [2005b]).
Similarly a group in Norway followed a cohort of 700 from four breeds of
large dogs. Again they gave questionnaires to breeders and owners but they
also involved the dogs’ veterinarians. To date they have published studies on the
prevalence and risk factors of neonatal mortality (Indrebø et al. [2007]), the effect
of weight and growth rates on the development of hip dysplasia (Krontveit et al.
[2010]) and the incidence and risk factors associated with vomiting and diarrhoea
(Sævik et al. [2012]).
The Dogslife Project (Dogslife [2015]) is more recent than these efforts and is
focussed on the owners of Kennel Club registered LRs in the UK (Clements et al.
[2013]). It is limiting costs by utilising a website-based questionnaire and has
recruited over 5,600 dogs in five years. As a prospective study, it was possible to
specifically tailor the questionnaire to address areas of interest. Data collection
includes detail regarding phenotype and lifestyle which will be examined with
reference to dog health. Like the studies in Norway and the Netherlands, the
Dogslife Project is an attempt to develop a large-scale cohort of dogs with thor-
oughly documented history, similar to those cohorts found in human medicine.
Since Dogslife began in 2010, a new cohort of 3,000 Golden Retrievers (GRs)
has been recruited in the United States of America (USA) (Guy et al. [2015]).
This study is smaller but involves veterinarians as well as owners and the reported
protocol suggests that biological samples will be taken from all participating dogs.
1.3.6 The future of canine cohort research
With the relative dearth of cohort studies in canines to date, there is scope to
address new questions in the future. For example, the cohort of Dutch Boxer
dogs discussed earlier were reported to have a pre-weaning mortality rate over
20% (Nielen et al. [1998]). Such a loss is a clear welfare problem for dogs and
more detailed studies of potential risk factors could have a great impact. Indrebø
et al. [2007], Nielen et al. [1998] and van der Beek et al. [1999] each address early
mortality through cohort studies but their findings focus largely on factors from
13
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birth onward. van der Beek et al. [1999] included an analysis of inbreeding coeffi-
cients but found that genetic effects in general had less effect than environmental
effects at puppy and litter level. Relatively short cohort studies including the
lifestyle of the dam prior to birth may shed new light on risk factors associated
with both still-births and early mortality, minimising distress in owners who are
currently unable to prevent early losses.
Once cohorts are in place, they are ideal for undertaking smaller, nested case-
control studies. The main concern with case-control studies is the choice of con-
trols because controls have to have come from the same population as cases. The
only consistent difference between a case and a control should be the disease of
interest. If cases and controls are chosen from the same cohort then the difficulty
of choosing appropriate controls is easily overcome. There have been multiple
examples of this technique in the ALSPAC cohort such as a study investigating
the potential association between insulin-like growth factors during pregnancy
and later development of cervical and breast cancers (Jeffreys et al. [2011]). This
is a good example because it involved assaying blood samples from 69 breast
cancer cases, 151 cervical cancer cases and 443 controls; the samples having been
collected many years earlier during pregnancy. Such an investigation would have
been prohibitively expensive with the whole cohort but was possible with this
smaller sample.
Cohort studies such as those undertaken in human medicine could play a
vital role in canine medicine if veterinarians are to be able to offer advice to
owners on minimising the risks of developing disease and injury. Beyond death in
very early life, morbidity and mortality in dogs in developed nations reflects the
epidemiological shift in morbidity and mortality in human medicine from infec-
tious diseases to non-communicable diseases. This shift is increasingly relevant
in canine health as vaccination, antibiotics and better veterinary care ensure that
more dogs in developed nations live to suffer from developmental diseases and
diseases of ageing. Bonnett et al. [1997] demonstrated that whilst the highest
mortality rate in dogs over six weeks of age in Sweden was trauma (typically
car accidents), the next highest rate was due to tumours, followed by locomotor
problems. Cohort studies of canine lifestyle have the power to investigate the
risk factors associated with developing these non-communicable diseases, facili-
tated by the release of a draft canine genome sequence (Kirkness et al. [2003];
Lindblad-Toh et al. [2005]) and the increasing access to high density genotyping
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and eventually low cost whole genome sequencing. Since the dog has a shorter
lifespan than humans, associations between genetic variation and disease that are
also relevant to human ageing are likely to be revealed.
Human medicine is again ahead of the veterinary field with regard to incor-
porating biological data in cohort studies. UK Biobank has recruited 500,000
people between 40-69 years of age. The investigative team collect blood, saliva
and urine samples, phenotypic data and the agreement of all participants to have
their health status followed. The collection of genetic information in particular
adds a new element to the traditional cohort study, and with such a large co-
hort the potential power to detect risk factors involving genetic-environmental
interactions is enormous.
The ALSPAC team collected multiple blood, urine, hair, nails, saliva and
placenta samples from the mothers and children in their study. They have used
Single Nucleotide Polymorphism (SNP) chips to genotype the samples and also
offer results of assays at various ages for investigation by the academic community
(ALSPAC [2015]). At time of writing in September 2015, they offer cleaned
Genome Wide Association Study (GWAS) data for over 8,000 parents and over
8,000 children; each individual having SNP data relating to over 500,000 SNPs.
With phenotype data, that is an incredible resource and has contributed to diverse
genetic studies of, for example, lung function (Repapi et al. [2010]) and body mass
index (Stergiakouli et al. [2014] and Warrington et al. [2015]).
Projects on such a scale are currently financially prohibitive in dogs but, as will
be discussed later, buccal swabs have been collected from a subset of the Dogslife
cohort for DNA extraction, enabling comparisons of genotype with phenotype.
The GR study discussed above (Section 1.3.5) will collect samples from all of the
dogs in their smaller study. Should such sampling be repeated throughout the
lives of the dogs, it would be possible to investigate epigenetic changes during
a lifetime. The merging of lifestyle and whole genome data should increasingly
reveal associations between genotype and environment in the dog and ultimately




Cohort studies have already yielded results in the field of canine health. With the
advent of large databases and internet technology the costs of such studies are
being reduced to the point whereby large-scale studies are possible in canine pop-
ulations. The Dogslife project is the first attempt to undertake such a large-scale
cohort study of canine health, genetics and lifestyle. The potential to identify risk
factors and inform an evidence-based medicine approach to preventative health
measures in dogs mean that Dogslife and other cohort studies such as that of the
GRs can have a great impact on dog health and welfare. This thesis will report
on findings from Dogslife. It will mention potential improvements that could be
made for future cohort studies but largely focusses on describing the lifestyle,
morphology and health of a group of pedigree LR. The findings to-date indicate




Dogslife Project & Participants
2.1 Introduction
The Dogslife project was launched in 2010 and was the first, large-scale, population-
based epidemiological study of dogs. It was developed through collaboration
between epidemiologists, clinicians and geneticists based at the Universities of
Edinburgh, Liverpool and Manchester. I joined the study as a PhD student in
October 2011 when data had already been collected for 15 months. The study
was approved by the Veterinary Ethical Review Committee of the University of
Edinburgh and initially funded by the Kennel Club Charitable Trust.
The aim of Dogslife was to describe dogs’ lives and seek associations between
their morphologies, lifestyles, genotypes and health experiences. At its inception,
the intention was to recruit thousands of dog owners and ask them to give infor-
mation about their dogs throughout their dogs’ lives. This chapter will include an
explanation of the study design, with descriptions of recruitment and retention
efforts during the first three and a half years of the project. The Dogslife ques-
tionnaire will be introduced and, finally, the cohort of owners who contributed
between July 2010 and 31st December 2013 will be analysed. The methodology
underlying the Dogslife project has been detailed by Clements et al. [2013] and
analyses of recruitment and retention for dogs up to four years have been reported
by Pugh et al. [2015b].
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2. DOGSLIFE PROJECT & PARTICIPANTS
2.2 Dogslife Study Design
As Dogslife is based in the UK, the study population is UK-based dogs. Unfor-
tunately the UK dog population is poorly characterised. There is no register of
dogs and estimates of population size differ. For example, an academic study
of the UK pet population in 2007 estimated dog numbers to be 10.5 million
(95% Confidence Interval (CI): 9.6 - 11.4 million)(Murray et al. [2010]) and more
recently an estimate generated using unspecified methodology found a lower num-
ber of nine million (Pet Food Manufacturers Association [2014]). Dogslife was
designed to address a known population; that of pedigree dogs registered with
the United Kingdom Kennel Club (UKKC). Rather than include all breeds, and
risk having too few dogs from some breeds to make data analysis feasible, LRs,
the most popular breed of dog in the UK, were selected. This had the advantage
of streamlining the study, making it more affordable financially. The study pop-
ulation comprised LRs born on or after January 1st 2010, living in the UK and
registered with UKKC. In addition, in the interests of maximising recruitment,
LR Guide Dog puppies were eligible for enrolment. These dogs were not regis-
tered with the UKKC because the Guide Dogs for the Blind Association (GDBA)
maintain their own pedigree records.
Dogslife is based online and all data were collected from participating dog
owners via the Dogslife website (www.dogslife.ac.uk). Data were recorded in a
live MySQL database, maintained on University of Edinburgh servers. The live
database was backed-up to a secure, offline server every six hours. The website
was designed and built by an external contractor, JEM Digital. Internally, the
Dogslife team included an Information Technology (IT) expert, Damon Querry
(DAQ).
Offline support was available to owners from the Dogslife administrator, Erica
Rose (ER). She worked full time on Dogslife and, in broad terms, was respon-
sible for supporting owners, facilitating recruitment, maximising retention and
enabling any investigations that required direct contact with the owners.
2.2.1 Recruitment Methods
Pedigree dog breeders register puppies with the UKKC after birth, generating
a unique Kennel Club identifier (KCID) for each dog. The breeder may then
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either keep the dog or pass it on to new owners. If the puppy is passed on, the
registration may be transferred by the new owner but there is no obligation to
do so. The UKKC facilitated the project by notifying Dogslife of all new LR
registrations. An initial bulk upload of all registrations between 1st January
2010 and 30th June 2010 was made on 1st July 2010 and then updates of new
registrations were made nightly by automated electronic file transfer. These data
were automatically added to the Dogslife database to give a complete list of dogs
eligible to join Dogslife, uniquely identifiable using their KCID. In addition, upon
request from GDBA, individual Guide Dog puppies were manually added to the
database with a unique, false KCID to permit owner registration with Dogslife.
At the time of UKKC registration transfer, the new owner is able to choose
whether to allow their email and postal address details to be passed onto third
parties such as the study team running Dogslife; their options were ‘yes’, ‘no’ or
‘never’. As part of the electronic file transfers, details of owners who transferred
their dog’s registration were sent to Dogslife. If the owner said ‘never’ then a
blank line would be included, if they said ‘no’, all that would be included would
be a name such as ‘Miss A Smith’. If they said ‘yes’, their record would include
a postal address and/or an email address according to their wishes.
Figure 2.1 is a schematic of Dogslife recruitment process taken from the paper
which described the first year of Dogslife Project ( c©BioMed Central, Clements
et al. [2013]). Following registration with the UKKC (both initial and transfers),
owners were sent an information package by the UKKC. Included in this package
was an A5, black and white flyer advertising Dogslife. If the owner did not
register their dog with Dogslife and their email address was available, they would
be sent a recruitment email. One week later, if that dog was still not registered
with Dogslife and their postal address was available, the owner would be sent
a coloured postcard. The only exceptions to these rules were dogs that were
registered with the UKKC between January 1st and July 1st 2010, prior to the
start of Dogslife. The owners of these dogs did not receive flyers or postcards.
Instead, if the owner gave permission for the UKKC to share their email address,
they were emailed once in early July 2010.
In addition to contacting new dog owners, there was an effort to advertise
the project to LR breeders, particularly in in the period shortly after launch.
In July 2010, nearly 600 breeders listed on the Accredited Breeder page of the
UKKC website were contacted by email or phone. A further 1,300 breeders who
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Figure 2.1: Schematic of recruitment process
( c©BioMed Central, Clements et al. [2013])
advertised litters online were contacted between July and September 2010. In
early 2011, 4,287 letters and flyers were sent to breeders who had had litters
during 2010. Subsequently, the project administrator continued to telephone and
email LR breeders who advertised their litters on the UKKC website. She asked
that they encourage puppy buyers to join Dogslife.
2.2.2 Registration Process
Owners registered for Dogslife using their dog’s KCID and date of birth as de-
tailed in the screen-shots of the process in Appendix 1. The KCID and date of
birth must match those sent by the UKKC, ensuring that owners were registering
LRs born on, or after, 1st January 2010. During registration, owners were asked
for their dog’s coat colour, their own contact information (email address and tele-
phone number) and for demographic information about their household. For both
email address and telephone number, the owner would be asked whether members
of Dogslife team might use the information to contact them. Owners were also
given the opportunity to opt out of receiving the monthly email newsletter.
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2.2.3 Questionnaire & Retention Methods
The questionnaire (correct as of May 2015) is detailed in Appendix 2. At the end
of each completed questionnaire, owners were thanked and asked to return in one
month’s time if their dog was under one year of age or three months’ time for dogs
over one year. Retention was facilitated by a system of automatic reminder emails
which dynamically shifted according to the last completed questionnaire for dogs
under one year. Assuming permission was given to contact the owner by email
and/or telephone, for dogs under one year, an automatic reminder email was sent
37 (30 + 7) days after the last data entry. This would be followed by a telephone
call or, if telephone contact was not permitted or possible, non-automated email
at 44 (30 + 14) days. If the owner still did not return, there would be another
automatic email at 84 days and a telephone call or non-automated email at 91
days. After that, the owner would be able to login and enter data as normal but
they would be considered lapsed and would not be contacted about the question-
naire. They would still receive an email on their dog’s birthday and, if they had
opted to receive Dogslife newsletter, they would also receive that monthly.
For dogs over one year, at the end of each data entry, owners were asked
to return in three months time. However, the automated system of reminders
worked on fixed three-monthly intervals when their dog was 15, 18, 21 months
of age etcetera. Using the example of the 15 month (455 day) data entry, the
owner would be automatically emailed at 462 (455 + 7) days provided they had
not completed a questionnaire in the 21 days prior to the due date, i.e. provided
there was no data entry on or after the dog was 434 (455 - 21) days old. If
they did not complete the questionnaire after the 462 day reminder email, a non-
automated email or a telephone call would follow at 469 (455 + 14) days. In all
cases, automatic reminder emails would be sent on the exact days mentioned but
non-automatic reminder emails and telephone calls would only take place during
business hours Monday-Friday.
Dogslife produced a monthly newsletter (archived here:
www.dogslife.ac.uk/newsletter/archive) including articles on dog health and be-
haviour, and topical issues such as advice about how to care for a dog during the
autumnal firework season. It enabled the project team to update participants on
Dogslife progress and facilitated recruitment of subsets of the cohort for specific
studies.
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Figure 2.2: Featured Dog
Every three months, a prize draw was held for Pets At Home vouchers. For
the first year, there were £300 worth of prizes each quarter; 1x£100, 2x£50 and
10x£10. From September 2011, this was reduced to £200; 1x£50, 2x£25 and
10x£10 and it dropped further in September 2012 to £100; 10x£10. Owners were
automatically entered into the draw each time they completed a questionnaire so
the more often they visited the site and completed a questionnaire, the better
chance they would have of winning. By necessity, only owners who permitted
Dogslife to contact them could be eligible for the prizes and if a winner did not
reply to communication, a new winner would be drawn at random. Prize winners
would were also announced in the newsletters.
In addition to the various methods of maintaining contact with participants,
the Dogslife website included links to dog health sites and offered a scrap-book fa-
cility. The scrap-book enabled owners to keep a photographic and written record
of their dog’s life for their own enjoyment. On the front page of Dogslife website,
owners are also able to submit a photograph and nominate their dog as a ‘Featured
Dog’ (for example, Figure 2.2). Submissions are reviewed for inappropriate con-
tent and dogs become Featured Dogs in order of submission. On average, a new
Featured Dog is chosen three times a week. The dog’s picture and owner comment
is shown on the front page of Dogslife website and visitors may click through to
the complete Featured Dog archive (http://www.dogslife.ac.uk/featured/archive).
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2.2.4 Biological Sampling Methods
It was hoped that in addition to collecting data from owners about lifestyle, mor-
phology and health, Dogslife might also investigate the dogs’ biological markers
and genotypes. To that end, samples of DNA and faeces were collected from a
subset of the cohort. The initial aim was to bank samples for future analyses.
Owners were chosen on the basis that they had answered the questionnaire at
least three times and that one questionnaire was completed before the dog was
six months old and another completed after the dog was one year of age; thus
giving a consistent minimum period at-risk. The owners also had to have given
permission for Dogslife to contact them by email or telephone. Dogs were selected
in November 2012, January 2013 and April 2013 with increasing numbers meet-
ing the eligibility criteria each time. An article was placed in Dogslife newsletter
mentioning the proposed sampling which also generated volunteers. In total, 875
dogs were selected (including 18 volunteers) and owners who agreed to sampling
were sent an Oragene-Animal collection tube (DNA Genotex, Ottawa, Canada)
with instructions on how to collect a saliva sample. Saliva samples were collected
from 479 dogs and DNA was extracted according to the manufacturers instruc-
tions and stored at -80◦C. Faecal samples were collected from 383 dogs. Owners
were sent a sterile 20 mL sample vial and asked to place a portion of stool into
the tube. Samples were stored at -20◦C prior to extraction of DNA.
2.3 Participant Profile
2.3.1 Data Cleaning & Descriptive Analysis Methods
All data described in this thesis were examined, tidied, tabulated and graphed
using R (R Core Team [2013]). Specific packages used are given in italics.
Data cleaning was ongoing throughout Dogslife. Owners and researchers
might suggest data changes when potential errors were spotted. All such amend-
ments were made to the live database and recorded in a document that was
maintained by the team (changes undertaken and recorded by DAQ or Carys
Pugh (CP)). Despite these efforts, much of the data required additional cleaning
prior to analysis. This final cleaning did not affect the main, live database. In-
stead code was written for each different data type, that exported the ‘raw’ data
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from the database using the RMySQL package (James and DebRoy [2012]) and
output the ‘tidy’ data into separate files in csv format. This was true for all data
cleaned prior to analysis.
Participant demographic data were collected as part of a series of one-off
questions were asked during registration. These included the household type and
whether (and how many) other pets there were in a household (Appendix 1).
In each case, the owners were able to choose options from a drop-down list and
these lists included an option of ‘other’ which would generate a free-text box.
All free-text answers had to be examined as part of the data cleaning process in
order to group together like answers.
Once cleaned, the data were examined graphically and, where appropriate,
transformed. Associations were then sought using χ2 tests and, for low numbers,
Fisher’s exact tests (Fisher [1922]). Where multiple comparisons were under-
taken, conservative Bonferroni corrections were applied (as described by Dohoo
et al. [2010c]). Where time to event data were considered, Cox proportional haz-
ards models (Equation 2.1) (Cox [1972]) were applied using Therneau’s survival
package (Therneau [2014]).
λ(t|X) = λ0(t)exp(β1X1 + ...+ βnXn) 2.1
Retention within the cohort was considered using a Cox proportional hazards
model to seek associations between demographic factors and assumed loss to the
project. For dogs under and over one year of age respectively, an owner was
assumed to be lost if they had not completed a questionnaire within 60 (30 + 30)
days or 120 (90 + 30) days of the 31st December.
Postcodes were grouped into countries, postcode areas and postode districts
whereby EH25 9RG would be part of Scotland, EH and EH25.
2.3.2 Recruitment Results
At midnight on 31st December 2013, a copy of Dogslife database was captured.
It comprised data collected over a period of three years and six months for dogs
that were aged up to four years. During the period mentioned, 151,182 dogs
were eligible to join Dogslife and names were passed to Dogslife for 83,532 owners
who transferred their dog’s registration. Contact details were included for 50%
(41,476/83,532) by email and 60% (50,109/83,532) by post; 62% (52,181/83,532)
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by at least one method. Recruitment rates in the period until 31st December 2013
were 2.8% (4,307/151,182) of eligible dogs associated with 7.9% (4,148/52,181) of
contactable owners. Recruitment rates over the first year according to different
contact methods are detailed by Clements et al. [2013].
2.3.2.1 Postcode area recruitment rates
Geographically the owners were distributed across the UK and additionally on
Jersey, Guernsey and the Isle of Man. A breakdown of locations is as follows:
England 3227 (77.8%); Scotland 591 (14.2%); Wales 151 (3.6%); Northern Ireland
(NI) 63 (1.5%); Isle of Man 9 (0.2%); Jersey 5 (0.1%); Guernsey 1 (0.02%); Insuf-
ficient information 101 (2.4%). The postcode area recruitment rates are plotted in
Figure 2.3. The denominator contains information for the 50,109 eligible owners
whose postcodes were available so the rates are overestimates.
2.3.2.2 Missing data
In addition to the 4,148 participating owners mentioned above, 20 additional
owners registered and had unique identifiers but no associated information or
dogs. These 20 owners presumably began the registration process but stopped at
a very early stage.
The first aspect of owner data collected during registration was an email
address. All 4,148 owners gave an email address and 3,875 gave permission for
Dogslife to use that address to contact them about their dog. Each type of data
subsequently collected suffered from some degree of missing or nonsense data
enumerated in Table 2.1. The 62 people who gave no title or name details did not
give any further information; presumably leaving the website before completing
registration with the project.
25
2. DOGSLIFE PROJECT & PARTICIPANTS
Figure 2.3: Postcode area recruitment rates showing the proportion of eligible
dogs in each postcode that registered with Dogslife. Postcode data were only
available for 50,109 eligible owners, just a fraction of the owners of the 151,182
eligible dogs. The denominators are therefore too low meaning the rates are
overestimates.
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Table 2.1: Data missing from registration
Data Type Complete Incomplete Missing
or nonsensical
Title 4086 0 62
Forename 4072 a13 62
Surname 4083 a2 62
Telephone Number b4064 c19 65
Postcode 4022 d10 97
Household Type 4026 0 122
Smoking Status 4033 0 115
a For example an initial only.
b A series of numbers that had the correct format and number of digits. Numbers were not
telephoned to check whether they were valid.
c For example a series of zeroes or the phrase ‘ex-directory’.
d Five owners gave just the first half of their postcode; five gave postcodes that contained
typographical errors or that did not exist.
2.3.3 Demographic Information
2.3.3.1 Household type results
There were 19 different descriptions of ‘other’ households reported to Dogslife
and these were grouped into to the original categories according to the following
rules:
1. If there were any children under 16 then the household was considered a
‘family’. The corollary of this is that all reported ‘families’ were considered to
include children under 16 years of age.
2. If someone in the household was retired then, provided there were no
children under 16, the household would be considered ‘retired’.
3. If all children were aged over 16 then the household was considered ‘more
than one adult’.
4. If left blank then the household type was categorised as ‘not given’.
After cleaning, the frequencies of different household types were as follows:
family 1,914 (46.1%); more than one adult 1,746 (42.1%); retired 287 (6.9%);
single adult 235 (5.7%) and not given 125 (3.0%).
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2.3.3.2 Other pets in household results
The final step of registration involved asking owners about other pets (if any)
in their household but it was not possible to distinguish between those that did
not answer the question, and those that had no other pets. Some 1,719 owners
did not report any other pets. This 1,719 included 112 of the 122 who did not
describe their household type and 110 of the 115 who did not give their smoking
status.
The categories of other pets offered were ‘dogs’, ‘cats’ and ‘other’. There were
239 different types of ‘other’ pets reported. After cleaning, the types of other pets
in households could be consolidated into 13 different categories as follows: 1,284
other dogs; 922 cats; 187 rabbits; 141 fish; 123 rodents; 115 guinea pigs; 70 birds
(excluding poultry); 65 poultry; 45 horses; 31 reptiles; 9 ferrets; 6 livestock and
6 other. The number of each type of pet was often not reported so the numbers
detailed are the number of owners or households with this type of animal. Each
owner or household may be included multiple times.
2.3.3.3 Smoking status results
The raw reported numbers were that 735 households included a smoker and that
there were 3,298 non-smoking households; that is 18.2% of the cohort. Validation
efforts were undertaken and will be discussed in the next chapter. Section 3.3.1.2
indicates that there was misclassification of smoking status whereby some owners
incorrectly reported that nobody in their household smoked, so the 18.2% figure
may be an underestimate.
2.3.3.4 Demographic correlations
Frequencies of reported titles and household types are shown in Table 2.2. Of
those titles with a clear gender definition, 76.7% were female (95% CI: 75.3 -
78.0). The five most frequent surnames were Smith (50), Jones (39), Williams
(24), Wilson (24) and Taylor (21). There was no apparent preference according
to household type regarding likelihood to give permission for Dogslife to con-
tact a household by email (Table 2.3) but this changed with regard to telephone
numbers. In particular, people who reported themselves to be part of retired
households were more likely to give Dogslife permission to contact them by tele-
phone (P << 0.001). In total, only 207 people (fewer than 5% of owners) refused
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Table 2.2: Owner demographic data
Family More than Retired Single Not
one adult adult given Total %
Mrs 1073 764 173 53 26 2089 50.4
Mr 403 388 89 43 15 938 22.6
Miss 278 384 5 72 15 754 18.2
Ms 86 103 3 45 4 241 5.8
Dr 19 25 3 5 0 52 1.3
Other 3 6 0 0 0 9 0.2
Professor 0 3 0 0 0 3 0.001
Not given 0 0 0 0 62 62 1.5
Total 1862 1673 273 218 122 4148 -
% 44.9 40.3 6.6 5.3 2.9 - -
permission for Dogslife to contact them by telephone and email. The majority
(122/207) of these un-contactable people also declined to receive the newsletter
but overall, 84.2% (3,626/4,307) owners opted to receive the newsletter.
2.3.3.5 Household type and other pets
Associations between different types of household and their pets are shown in
Table 2.4. There were multiple associations between household type and the
types of other pets reported. For example, families were disproportionately likely
to have a cat and retired households disproportionately likely to have another
dog.
2.3.4 Website Logins, Return Intervals & Loss To Follow-
Up
Once registered, an owner could login to Dogslife website at their convenience and
each login was recorded. Two owners had logged in 222 and 246 times respectively
but the remaining owners had logged in fewer than 100 times. The distribution
of number of logins, excluding the two outliers, is shown in Figure 2.4.
Logins to the website did not directly correspond with answers to the ques-
tionnaire (also referred to as ‘making a data entry’) because owners were able
use the website for other purposes such as creating their scrapbook. Owners of
598 dogs registered with Dogslife but never answered the questionnaire and the
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Table 2.3: Owner contact preferences according to household type
Contact Permitted Family More than Retired Single Not
Method To Use one adult adult given Total
(%) (%) (%) (%) (%)
Yes 1742 1564 260 199 110 3875
Email (93.6) (93.5) (95.2) (91.3) (90.2) (93.4)
4148 No 120 109 13 19 12 273
(6.4) (6.5) (4.8) (8.7) (9.8) (6.6)
Yes 564 559 125 84 80 1348
Phone (30.3) (33.4) (45.8a) (38.5) (65.6b) (33.2)
4064 No 1298 1114 148 134 42 2716
(69.7) (66.6) (54.2a) (61.5) (34.4b) (66.8)
a χ2 = 20.96 (1df), P <0.001
Red text indicates positive association.
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Figure 2.4: Owner logins to Dogslife website. Two owners who logged in more
than 200 times each were excluded.
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Table 2.4: The relationship between pet ownership and household type for
Dogslife participants. Households that reported owning another dog, cat, other
pet or did not report any pet (beyond their Dogslife registered dog), have been
categorised by household type. Percentages are the percentage of each
household type that reported having that type of pet. Individual households
may appear up to three times in the table as they may, for example, own
another dog, a cat and another pet.
Another Cat Other Dogslife
Dog dog only
(%) (%) (%) (%)
Family 521 507 430 613
(28.0*) (27.2*) (23.1*) (32.9*)
More than 564 334 174 767
one adult (33.7*) (20.0) (10.4*) (45.8*)
Retired 110 41 9 134
(40.3*) (15.0) (3.3*) (49.1)
Single 84 36 24 92
adult (38.5) (16.5) (11.0) (49.1)
Not given 5 4 4 112
(4.1*) (3.3*) (3.3*) (91.8*)
Total 1284 922 641 1718
(30.9) (22.2) (15.4) (41.0)
* χ2 with Bonferroni correction indicates association, P <0.0025. For example, 28%
(521 of 1862) of families reported having another dog compared with 33% (763 of 2286)
for all other household types combined.
Blue text indicates negative association and red indicates positive association.
‘Other’ refers to all other types of animals listed in Section 2.3.3.2
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owners of a further 460 dogs started but failed to complete a questionnaire.
Figure 2.5 shows a survival plot of time from registration for each dog. Dogs
whose owners did not start or who failed to complete a questionnaire were con-
sidered censored and others were censored when they stopped keeping up to date
with questionnaire answers. For dogs under one year this was considered to be
after two months and for dogs over one year, this was four months from their
most recent data entry. The ongoing recruitment means that very few dogs ap-
pear to survive until 42 months because the majority were too young. In reality,
1,161 dogs (26.9%, 95% CI: 25.6 - 28.3%) were up to date on 31st December 2013.
This increased to 35.7% (95% CI: 34.1 - 37.4%) when the 1,058 dogs with no
associated data entry were discounted. As the dogs reached one, two and three
years of age, 44% (1432/3255), 35% (722/2093) and 29% (235/822) respectively
were up to date. These values increased to 60% (1432/2474), 43% (722/1692)
and 36% (235/652) when the group of 1,058 dogs were excluded.
The relatively conservative estimates of timing of loss to the project were
belied by the true return intervals for the cohort which are shown in Figure 2.6.
Some owners returned nearly three years after their last data entry. For younger
dogs, 11% (95% CI: 4 - 18%) of return intervals fell beyond the two month interval
and for the older age group, 23% (95% CI: 11 - 36%) fell beyond four months.
The modal return intervals were 37 and 90 days respectively.
Time to assumed loss from the project was investigated using a Cox pro-
portional hazards model and the results are shown in Table 2.5. The ability to
contact owners by telephone or email improved the likelihood of their dogs being
retained within the project. There were 78 owners associated with 84 dogs who
refused all contact permissions but still came back and answered the question-
naire more than once per dog. Less obviously, people who reported that they were
part of families or were smokers were more likely to be lost to the project. Oddly,
newsletter subscription appeared to be associated with an increase in likelihood
of loss to the project (hazard ratio = 1.3, 95% CI: 1.2 - 1.5). It was thought
that this was perhaps because the default option for this field is to receive the
newsletter. Therefore the owners who failed to complete registration, leaving the
project very early, would be disproportionately likely to receive the newsletter.
However, if these owners were removed from the analysis, the newsletter was still
associated with loss to Dogslife. Owner location according to country was not





























Figure 2.5: Time from registration to ‘loss’ from Dogslife with 95% confidence
intervals
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Table 2.5: Cox proportional hazards model of time to assumed loss to Dogslife
Hazard Ratio 95% CI: P-value
eβ lower upper
Household Types
family 1 - - -
more than one adult 0.78 0.72 0.84 <0.001
retired 0.49 0.41 0.58 <0.001
single adult 0.83 0.70 0.99 0.03
not given 1.16 0.66 2.05 0.60
Smoking Status
non-smokers 1 - - -
smokers 1.21 1.10 1.33 <0.001
not given 0.36 0.17 0.79 0.01
Postcode
full postcode 1 - - -
first half only 0.68 0.23 2.00 0.49
not given 3.85 2.15 6.88 <0.001
Communications
no telephone contact 1 - - -
telephone contact 0.56 0.51 0.60 <0.001
no email contact 1 - - -
email contact 0.44 0.38 0.50 <0.001
no newsletter subscription 1 - - -
newsletter subscription 1.30 1.17 1.45 <0.001
Other Household Pets
no other dog 1 - - -





0 3 6 9 12 15 18 21 24 27 30 33












) Dogs Aged Over One Year
Dogs Aged Under One Year
Figure 2.6: Intervals between data entries. Conservative cut-off times are shown
using dashed lines (blue for dogs under one year and red for dogs over one year).
2.4 Discussion
Dogslife successfully recruited thousands of owners during the first three and a
half years of the project. They were well described in terms of their household
type, smoking status, location and whether they owned other pets. Some people
did not give personal details about their households despite going on to give
information about their dogs and one might speculate that these people either
had strong feelings about personal privacy or suffered some sort of technical
problem with the website during that stage of registration. Even the absence
of information was useful and contributed to analyses of retention. Overall, the
household information would be invaluable as a guide to environmental influences
on the dogs throughout the project.
In order to generalise findings from the cohort, all data collected data must
be considered in the context of potential selection bias. Participants were dispro-
portionately likely to be female. Males are often under-represented in surveys,
for example Søgaard et al. [2004], so this imbalance is not atypical of a study
whose participants were self-selecting. It appears from viewing the postcode area
recruitment map (Figure 2.3) that there were recruitment peaks in Shetland, the
Western Islands and the City of London but each area had very low numbers of
LRs registered with the UKKC meaning these rates had very large confidence in-
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tervals. Overall, Dogslife members were geographically distributed in proportion
to LR UKKC registrations for whom address details were available and Dogslife
household smoking rates were comparable to that reported for individuals in the
UK. There was little evidence in terms of demographic factors that the recruited
Dogslife cohort were unrepresentative of LR owners in the UK.
Retention bias was potentially more problematic as owners were being dis-
proportionately lost to the project. People who described their households as
families or whose household included a tobacco smoker were more likely to be
lost to follow-up (Table 2.5). By contrast, retired households and those includ-
ing another dog were more likely to be retained. Indeed, these two factors were
themselves positively correlated within the cohort. In their examination of biases
in a Spanish cohort study, Alonso et al. [2006] found a similarly increased risk
of loss with regard to smokers and also that older people were more likely to be
retained.
Piloting indicated that answering the Dogslife questionnaire took 5-10 minutes
which is not a great burden but repeatedly answering the questionnaire and, in
particular, measuring height and weight could be seen as onerous. As discussed
in Clements et al. [2013], there was evidence that owners dropped out of the
questionnaire when they were asked for their dogs’ heights and weights. One
might speculate that owners with limited spare time would be more likely to
drop out and that owners in family households would have less time to give
to Dogslife than those in retired households. The positive association between
having another dog in the household and increased time in the project might be
related to an increased interest in canine health or an acceptance that more of that
owner’s life would revolve around their dogs - including Dogslife participation.
Considerable efforts, such as the newsletter, prize draws, scrapbook facil-
ity and featured dog function, encouraged continued participation. Where con-
tact was permitted, both automatic and non-automatic reminders were used to
keep bringing owners back to the website. Dogslife employed many elements of
best practice regarding increasing levels of questionnaire response (Edwards et al.
[2009]) and thousands of owners reported information about their dogs more than
once. Nevertheless, analyses based on data collected from the cohort would need
to considered in the context of the validity of the data and the potential impact
of retention bias. Data validity is addressed in the next chapter and the potential





Epidemiological data regarding exposures and outcomes that are not directly ob-
servable are typically collected by questionnaire. Re-using questionnaires that
have already been validated minimises unnecessary effort on the part of investi-
gators and future meta-analyses would be facilitated if standard questionnaires
were available for different exposures or conditions. In human medicine consid-
erable effort has been invested in designing and validating questionnaires that
assess exposures including diet (Kaaks and Riboli [1997]), alcohol intake (Sieri
et al. [2002]) and smoking (Leffondre et al. [2002]), and outcomes such as pain
(Smith et al. [1997]) and depression (Radloff [1977]).
There are fewer examples in the veterinary field but attempts have been made
with regard to specific species and syndromes. Hercock et al. [2009] attempted to
develop and assess the validity of an owner-questionnaire addressing the extent of
lameness in dogs with osteoarthritis of the elbow. Hotchkiss et al. [2006] followed
the example of asthma questionnaires in human health to develop a risk-screening
questionnaire for Recurrent Airway Obstruction (RAO) in horses. Investigators
combined and weighted the horse-owners’ answers to the questionnaire to create
an overall risk profile for each horse and validated the questionnaire by asking
participating vets to assess the horses’ RAO status using more invasive tracheal
wash or bronchoalveolar lavage techniques. The study involved 80 horses and
data collection alone took three years indicating the effort required to develop
such questionnaires. In veterinary medicine more broadly, different husbandry
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systems applied to multiple species mean that replicating the standard exposure
questionnaires available in the human field is impractical. Instead specific ques-
tionnaires are developed for each new study and it falls to the designers to validate
their questionnaire and assess the reliability and accuracy of resultant data.
For each new questionnaire it is necessary to determine whether the answers
provide data which accurately reflect the exposure or outcome status of the sub-
jects involved. Where possible, questionnaire answers should be compared with
gold-standard test results which are administered concurrently. For more abstract
concepts such as fitness, that do not have gold-standard tests, questionnaires of-
ten address proxies such as exercise levels. These questionnaires must then be
assessed in terms of the extent to which reported exercise levels agree with other
non gold standard assessment tools.
The Dogslife questionnaire was written specifically for the project by experts
in canine health, epidemiology and genetics. Owners enter answers relevant to
their dog(s) via an online platform (www.dogslife.ac.uk) that was piloted with
approximately 40 dog owners, breed club officials and veterinary professionals
prior to launch. The reported data reliability and accuracy are affected at two
levels - firstly whether the owners understand the question as meant and secondly
errors that they make in data entry. The need to understand and maximise the
extent to which Dogslife data reflect the experience of the dogs as addressed by
the online questionnaire underlies all future work and was the first issue addressed
within the project. Aspects of what will be reported in this chapter have been
published as part of a series of guidelines for implementing validation studies of
internet-based longitudinal study data (Pugh et al. [2015c]).
3.2 Methods
Two different investigations were undertaken to determine the Dogslife data qual-
ity. Firstly, a random selection of Dogslife members were visited to measure their
dogs, to check the accuracy of owner answers to the online questionnaire as seen
in the Dogslife record and to garner owner opinions on the questionnaire ease
of use. Secondly a set of veterinary records from another random sample of the
cohort were collected. These records were checked against the Dogslife records of
data given online by owners to determine whether the Dogslife illness and vacci-
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nation data were consistent with the veterinary records, gave a complete picture
of the dogs’ health and were sufficient to determine presenting signs and poten-
tial diagnoses described in the records. The questionnaire presented in Appendix
2 was amended as a result of the validation work so the original questions are
detailed throughout this chapter.
3.2.1 Visits
One hundred dogs were selected at random from those whose owners had made
a data entry in the six months prior to the date of selection (7th March 2012).
The owner had to have provided a UK mainland postcode and not have for-
mally withdrawn from the study. An article was then included in April 2012’s
Dogslife newsletter informing subscribers that one of the Dogslife team might be
in touch to organise a visit of randomly selected dogs. The article was intended
to facilitate recruitment by inciting interest and mitigating the negative impact
of simply cold-contacting owners. Three of the one hundred owners selected did
not give permission to be contacted by email and one had recently reported a
family bereavement to the project team so was excluded. Of the 96 emails sent,
one automatically bounced. Sixty-five owners responded by email or telephone.
Three other owners (not in the 100 selected) also contacted Dogslife following the
newsletter article and volunteered to be visited.
An initial itinerary was created based on early replies, and where feasible lo-
gistically, further visits were added to that itinerary as owners continued to get
in touch. Over a six-week period from 23rd April 2012, 44 dogs were visited be-
longing to 43 different owners (including two of the three owners who volunteered
and one randomly selected owner who had 2 dogs). Geographically, visits were
undertaken across England, Wales and Scotland as shown in Figure 3.1.
A modified version of the online questionnaire (available as Appendix 3) was
used for member visits and was intended to serve four purposes:
• Checking basic information, such as household type
• Allowing the visitor to view vaccination cards and measure the dogs
• Ascertaining the ease of use of the online questionnaire
• Facilitating discussion of the Dogslife study protocol
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Figure 3.1: Locations of visited owners
When owners first register with the Dogslife website they are asked a series of
one-off questions. It is possible for owners to change these answers by specifically
clicking on “Edit your profile” on the Dogslife homepage but, beyond periodic
articles in the Dogslife newsletter, they are not prompted to do so. On the basis
that owners may not have updated their profiles, the visit questionnaire not only
asked for their current situation but also whether that situation had changed.
Their answers were then compared to those in the Dogslife database for 43 of
the 44 dogs visited (excluding the second dog in the household of two Dogslife
Labradors).
3.2.1.1 Dog Weights & Heights
Weights were measured using a Nintendo R© WiiTM Balance Board (Nintendo Eu-
rope: Nintendo Center, PO Box 1501, D-63760, Germany) connected via blue
tooth to an Apple R© MacBook (Apple: 1 Infinite Loop, Cupertino, CA 95014,
USA) using the WiiScale i386 application for Mac OS 10.5. The application
did not produce a single weight measurement for any of the dogs due to their
continued movement. Instead three screen-shots were taken of the application
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Table 3.1: McBride’s [2005] suggested descriptive scale for Lin’s [1989]
concordance measures (ρc)
Value of ρc Descriptive Scale
<0.90 Poor
0.90 - 0.95 Moderate
0.95 - 0.99 Substantial
>0.99 Almost Perfect
whilst the dog was on the scale and these measurements averaged. This method
of obtaining weight measurements was devised using dogs of various sizes prior
to the visits and in testing it was determined to yield measurements within 0.1
kilograms (kg) of an Avery Weigh-Tronix pet scale (ITW Limited Foundry Lane,
Smethwick, West Midlands B66 2LP).
The average visit weight for each dog was compared to the most recent weight
entry in the Dogslife database given prior to the day of the visit. Concordance
between the two measures was determined (Lin [1989]) and assessed according to
McBride’s [2005] suggested descriptive scale (Table 3.1). Owners are requested
to input the weight of their dog at every data entry session regardless of the dog’s
age but it is the one element of the main online questionnaire that is voluntary
due to the potential difficulties and possible health risks of weighing a large dog.
There could be considerable delay between Dogslife and visit measurements. For
comparison purposes, the dogs were divided by age according to whether they
were over or under one year of age at time of visit on the premise that their
weights would likely not change as rapidly after one year.
During the visits, the dogs’ heights were measured using a seca213 stadiometer
(seca UK: Medical Scales & Measuring Systems, 40 Barn Street, Birmingham, B5
5QB) comprising a vertical rule and an attached plate. The dogs were measured
to the shoulder by standing them with their shoulders squarely above their front
paws and lowering the sliding plate of the stadiometer to rest on the shoulders.
When Dogslife was created, owners were only asked to submit height mea-
surements every month until the dog reached one year. The height measurements
taken during visits were compared with the most recent measurement found for
each dog in the Dogslife database that had been submitted on or before the day
of the visit. Visit measurements of dogs over one year were expected to vary
around the submitted measurement according to variation in measurement qual-
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ity. For dogs under one year of age, given that the dogs were assumed to still be
growing, it was assumed that the visit measurements should typically be equal
or higher than those submitted prior to the visit. The comparison of submitted
and directly measured data was therefore handled separately for dogs under and
over one year.
3.2.2 Veterinary Records
An initial effort to collect veterinary records was undertaken from March - June
2012. One hundred dogs were randomly selected whose owners had indicated that
Dogslife could contact them by email or telephone. Those who had asked to leave
the study were excluded and given that approximately 25% of owners register
their dog with the project but never complete a data entry, only those who had
made at least one data entry were eligible for selection. Where permitted a single
attempt was made to contact the chosen owners by telephone to ask whether
Dogslife could request their dog’s veterinary record. If telephone contact failed
or telephone contact was not permitted, a single email was sent. If the owner
agreed, a consent form was sent to them and if they signed and returned it, the
vet(s) were contacted once to request the dog’s full clinical history. To increase
the number of records obtained, all visited owners were also asked to complete
the form. Two owners were on both the list to be visited and the list of those
to contact regarding veterinary records and had already completed their forms
before the visits took place. All telephone contacts were undertaken by the project
administrator who has a strong background in phone-based communications and
has developed a rapport with many members since Dogslife’s inception.
The veterinary records contained information regarding vaccinations, neuter
status, weight, illness incidents and partial information regarding worming and
flea treatment products. Initial comparisons of prophylactic worming and flea
treatments, neuter status and dog weight were undertaken using 17 records. Vac-
cinations and illness incidents were examined more quantitatively using all 66
records that had been collected in the period March - June 2012. With only 66
veterinary records the frequencies of different types of vaccination and illness were
too low for useful analysis. On the basis that it would be desirable to understand
and quantify the extent of illness under-reporting, further veterinary records were
sought.
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Table 3.2: Stage by stage success of obtaining vet records
Signed
Group Contact Number Forms Records Success
(comprising) Method Agreed Returned Obtained Rate
1st 73 emailed 30 23(1) 23(1) 32%
100(3) 20 phoned 20 14(2) 14(2) 70%
7 uncontactable
2nd 83 emailed 31 26(3) 26(3) 36%
142(9) 45 phoned 43 31 31 69%
14 uncontactable
Visited*
43(1) 41 41(1) 38(1) 93%
Total
285(13) 165 135(7) 132(7) 46%
Where the owner was uncontactable, this implies phone contact was attempted but failed.
The numbers given pertain to households. Numbers in brackets refer to second and third dogs
in Dogslife households.
* Two of the visited owners had already returned forms and are included in the 1st group.
In November 2012, in addition to re-starting the effort to contact the initial
tranche of owners, the owners of a new group of 142 dogs were randomly selected.
The same criteria were used with the exception that the owners had to have
made at least two data entries rather than the one required of the initial group.
Two data entries would increase the period of time during which any illnesses
would be expected to be reported to Dogslife - this change prevented the further
collection of records pertaining to dogs whose owners had only made one data
entry, effectively having a very limited ‘at risk’ period. Where the owners of
chosen dogs had other Dogslife dogs in their household, records were also sought
for these dogs on the basis of convenience. The numbers of owners agreeing at
each stage of the process are shown in Table 3.2.
3.3 Results: Visits
The 100 dogs initially selected for visits were distributed as shown in Table 3.3
(for completeness, the precise options offered to owners in the questionnaire are
given below in Section 3.3.1).
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Table 3.3: Comparison of the composition of the cohort at time of selection and
the selected and visited samples
Cohort Selected Visited
n=2,255 n=100 n=43
Dog Sex Female 48% 54% 61%
Male 52% 46% 39%
Coat Colour Black 49% 46% 56%
Yellow 26% 32% 22%
Chocolate 22% 20% 20%
Other 2% 2% 2%
Household Type Family 48% 46% 41%
More Than One Adult 42% 37% 32%
Single 6% 8% 12%
Retired 7% 8% 15%
Not Given 4% 1% 0%
The distribution of dog ages on the days of their visits are shown in Figure 3.2.
The dogs ranged in age between 150 and 825 days with 15 dogs ages under one
year. The mean age was 476 days (95% CI: 415 - 537 days).
3.3.1 Household Profile
3.3.1.1 Household Type
When registering owners were asked “How would you describe your household?”
and offered five original options: Family (one of more adults and one or more
children); More than one adult; Single adult; Retired (single or couple); Other.
None of those visited had chosen ‘Other’ but two of the answers given dur-
ing the visits were ambiguous - both with relation to children. One household
included adult children and could be considered as ‘More than one adult’ but the
owner described them as a ‘Family’ and another household included children at
weekends and could be placed in either category. Of the remaining 41 owners,
37 visit and database answers agreed. Two owners had answered ‘Single adult’
when registering but when visited they mentioned that they were ‘Retired’ and
two others had described their households as ‘Families’ in the database but when
speaking with them when visiting it became apparent that ‘More than one adult’

















Figure 3.2: Dog age when visited
Table 3.4: Comparison of household smoking status at registration and visit
Visit Response
Smoking Non-smoking
Dogslife Record Smoking 3 1
Non-smoking 4 33
3.3.1.2 Smoking
Of the 43 owners visited, one was not asked the smoking question (available in
Appendix 1) during the visit and another mentioned that they had recently given
up. The owner who had given up had originally answered ‘Yes’ when registering
and had not changed the answer since quitting. The answers of the remaining
41 owners are shown in Table 3.4. The overall Kappa score for agreement is a
moderate 0.48 (standard error (se) = 0.19) but it appears that there is a significant
degree of misclassification amongst smokers. During the visits several people
answered ‘Yes, but not in the house’ and this may partially explain why the four




Table 3.5: Comparison of other pets in the household at registration and visit
Visit Response
Dogs Cats Other None
Dogslife Record Dogs 16 0 0 0
Cats 0 11 0 0
Other 0 0 2 2
None 1 0 1 13
3.3.1.3 Other Pets
As discussed in Section 2.3.3.2, owners are asked about other pets in the household
at the end of registering (question available in Appendix 1). Table 3.5 shows the
types of other pets that lived with visited dogs. Five owners mentioned that
the number or type of other pets had changed since joining the project and of
these, one had updated her profile. The other four were correct at the time of
registration but incorrect at the time of the visit. Two owners did not mention
any changes but their visit answers were different to those originally entered into
the database.
3.3.1.4 Dog Purpose
When first answering the questionnaire, as a one-off question, owners were asked
about their dog’s primary purpose (question available in Appendix 2, Section A2.2).
The forty three dogs included in this analysis comprised forty household pets,
two assistance dogs and one working dog; there was complete agreement between
Dogslife and visit answers.
3.3.2 Repeated Dogslife Questionnaire
The household profile was captured by the registration process and during the
first questionnaire entry but descriptions of the dogs’ lives were captured by
repeated answering of the Dogslife questionnaire. Where seasons and breeding
are concerned, the questionnaire is animal sex specific. Where the word Dog* is
used, the dog’s name is automatically inserted.
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Table 3.6: Comparison of sleeping locations reported online and in person
Visit Response
Alone Shared Other Other
(family) (shared dog)
Dogslife Alone 22 0 3 0
Record Shared (family) 0 7 0 0
Other (shared dog) 0 0 7 0
Other 0 0 1 0
3.3.2.1 Sleeping Location
Owners are asked “Where does Dog* sleep at night?” and the original answer
options were as follows: Alone in a room in a house; In a room shared with a
member of the family; Outside; Other. None of the dogs visited slept outside but
several of the owners mentioned their dissatisfaction with the possible answers.
As shown in Table 3.6, eight owners had entered ‘Other’ rather than ‘Alone’
online because their dog slept with another dog. Of those, seven specified this
in the available free text box and the eighth simply left it blank. Three owners
entered ‘Alone’ into the database but when visited mentioned that their Dogslife
dog slept with another dog. In light of the difficulty owners were experiencing
answering this question, the potential answers were amended on 3rd October 2012
to the those now shown in Appendix 2 (Section A2.3).
There were also three more ambiguous answers given during the visits (not
included in Table 3.6). Two had answered ‘Alone’ in the database but both
owners mentioned that the dog would occasionally sleep with them and the third
said that their dog had slept outside before coming to them, then with their other
dog and then alone. The Dogslife record reflected the two locations during their
ownership i.e. with another dog and then alone.
3.3.2.2 Diet
Owners are asked several questions with relation to diet (questions available in
Appendix 2, Section A2.5). The original options for how often the dog was
fed were: Once daily; Twice daily; Three times daily; More than three times
daily. The potential answers regarding timings were originally: In the morning;
In the evening; In the morning and evening; Throughout the day; Multiple times
throughout the day. The final question relating to titbits originally asked “Does
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Table 3.7: Feeding Frequency
Visit Response (daily)
Once Twice Three times More than
three times
Dogslife Once 2 0 0 0
Record Twice 0 36 1 0
Three times 0 0 3 0
More than
three times 0 0 0 1
Dog* also receive titbits or left-over food from your own meals and snacks?”
[Yes/No].
The feeding frequencies are shown in Table 3.7 but again there was some
frustration with the available options. One of the dogs that was fed once daily
was fed in the evening but the other was fed ad lib. The owner of the latter dog
chose ‘Throughout the day’ in the timings question but felt that this should also
be available as a frequency option. In light of her comments, the possible answers
to feeding frequency were amended to include ‘Throughout the day’.
All thirty-six owners who answered ‘Twice’ fed their dogs in the morning and
evening. One dog whose Dogslife record indicated that they were fed ‘Twice’ daily
had had their regime changed to ‘Three times’ daily but the owner had not yet
updated the Dogslife record. In each case where the dog was fed ‘Three times’
daily the owners expressed some annoyance with the possible options for timings
of feedings. They each entered ‘Multiple times throughout the day’ but wanted
the option to put ‘Morning, lunchtime and evening’. The option ‘In the morning,
lunchtime and evening’ was subsequently added to the list of answers.
The final dog suffered from severe dietary intolerances and shortly before the
visit the owners had finally found a diet and feeding regime he could manage. The
dog’s difficulties were documented in the illness sections of the database and his
feeding regime at the time comprised four meals at six-hourly intervals. Within
the database his feeding regime was captured as being fed ‘More than three times
daily’ at the times ‘Multiple times throughout the day’.
The distribution of food types is shown in Table 3.8 and where the diet was
relatively simple such as dried or a mixture of dried and tinned food the an-
swers had good agreement. Owners appeared to have more difficulty choosing a
category when the diet was more varied. For example, there were four owners
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Table 3.8: Comparison of food types reported online and in person
Visit Response
Dried Tinned Mixture Home Other
prepared
Dogslife Dried 27 0 0 1 3
Record Tinned 0 0 0 0 0
Mixture 0 0 7 0 0
Home prepared 0 0 0 1 0
Other 0 0 0 0 4
who had described their dog’s diets as ‘Dried’ online but elaborated in person to
describe a diet of dried food plus meat, vegetables, rice, gravy, and fruit. Unfor-
tunately none of these additions were captured in the database. Three owners
did mention online and in person that they added home prepared or other food
into their dog’s diet by ticking the ‘Home prepared’ or ‘Other’ option. In both
cases a free text box appears that allows the owner to detail what they feed their
dog. These three dogs were fed dried food plus either raw meat or tripe. The
remaining two dogs (both owners answering ‘Other’ online and in person) were
the dog with dietary intolerances who was fed Nature’s Harvest wet food from
packets and a dog who was fed raw food and dietary supplements.
When dried, tinned or a mixture of both are chosen, owners are asked to
select the brand of food that they feed their dog from a drop-down list. Owners
typically choose ‘Other’ from that list and then type the specific brand into the
free text box provided. Thirty-one of the owners gave the same brand of dried
food during the visit as was already in the database and five also gave the same
brand of tinned or wet food. Fourteen owners gave different brands of dried or
tinned foods. The most popular brand amongst the visited group was James
Wellbeloved which was fed to six or seven dogs according to the database and
visit answers respectively.
Figure 3.3 compares the weight of food given according to Dogslife and visit
answers with linear regression lines for each food type. In total, only fifteen
visit answers agreed with those already entered into the database with a further
eight answers within 10% of the quantity in the database. Three answers (70
grams (g) and 85g; 125g and 150g; 300g and 340g) had relatively low absolute
differences that could perhaps have been measurement differences. Two answers
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Figure 3.3: Weight of food reported to Dogslife and at visit. The blue and red
lines are the linear regression lines for wet and dry food respectively
double; in all four cases the dog was fed twice per day indicating that perhaps
those owners had entered the quantity given per meal rather than per day. In the
remaining cases, the quantities given during the visits were markedly different
than those given online. The discrepancy between answers is less evident with
regard to wet food where the owner can simply read the weight from the side of
a tin or packet.
In some cases the delay between data entries and subsequent visits may have
included a change in feeding regime and indeed, the change between food weight
at last data entry and food weight at visit is largely positive (Figure 3.4) indicat-
ing that food consumption had increased. However Figure 3.4 does not show a
correlation between the weight difference and the delay between measurements.
As mentioned previously, the online questionnaire is limited with regard to fully
capturing the dogs’ diets and this maybe reflected in the lack of agreement be-
tween visit and online answers. For example during the visit, one owner described
giving 400g of wet food with 100g of dried food for two days each week and just
400g of dried food on all other days. This was particularly poorly captured in
the database which simply said 400g of each every day.
The final food question regarding titbits was undoubtedly the most prob-
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Figure 3.4: Delay between data entry and visit against change in food quantities
reported
question online but during visit questioning 20 of these owners indicated that
their dog did receive other food and the remaining two either were not asked
or did not answer. The type of extra food was not explicitly asked in the visit
questionnaire but in order to elicit an accurate answer to the yes/no question,
a discussion regarding the nature of titbits was typically initiated. Among the
20 owners who had initially answered ‘No’ online but then said ‘Yes’ in person,
the types of titbits they apparently fed their dogs was noted for 16. None of
these 16 included food from human plates but the extra food included everything
from their normal food as a training tool to apples, carrots, cheese and chicken.
The remaining twenty owners all said online that their dog received titbits and
in person mentioned left-overs of roast dinners, rice pudding, licking plates and
simple dog chews.
3.3.2.3 Bathing
Table 3.9 compares the visit answers with the Dogslife database answers for
bathing frequency (questions available in Appendix 2, Section A2.3). Many own-
ers found it difficult to answer using the Dogslife categories and instead preferred
‘Once’, ‘Twice’, or ‘When (s)he needs it’. Each dog can appear in the table more
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than once because owners gave multiple answers both during visits and online.
In the cases of ‘Once’ and ‘Twice’, provided the owner had made a Dogslife an-
swer of monthly or less than monthly once (or in the case of Twice, twice) then
the answers were considered to agree. Four owners could not be more specific
than ‘When (s)he needs it’ despite prompting. Dogslife and visit answers for the
material or product used to bathe the dogs are shown Table 3.10. Several owners
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one year and over
under one year
Figure 3.5: Comparison of visit and previously reported Dogslife weights (y = x
line in black)
3.3.3 Dog Measurement: Weight
In total, 41 of the 44 dogs were weighed during the visits. Of the remaining three,
one dog could not be caught for weighing, the Wii balance board did not work
on one occasion, and one dog appeared to suffer pain when touched near its tail
and it could not be induced to sit on the scale without such handling.
The average measured weight of the dogs aged under one year was 25.9kg
(95% CI: 24.2 - 27.6kg, range = 19.1 - 38.1kg). The average magnitude difference
between these measurements and the previously entered weights was 3.2kg (95%
CI: 2.1 - 4.3kg, range = -0.6 - 11.6kg). Figure 3.5 shows the database measures
against those measured during the visits in blue. The linear regression is markedly
different from the simple x = y line shown in black. A single measurement was
lower than those previously submitted and that visit took place only 6 days after
the earlier submission. On average, the time between the prior weight being
submitted and the visits was 31 days (95% CI: 23 - 38 days, range = 0 - 70 days).
The average measured weight of the dogs aged one year and over was 27.1kg
(95% CI: 25.5 - 28.7kg, range = 19.8 - 41.3kg). These measurements were closer



















Figure 3.6: Weight measurement difference against delay between database
entry and visit. Linear regression lines are included for dogs under one year in
blue and dogs of one year and over in red.
magnitude difference of just 1.1kg (95% CI: 0.74 - 1.5kg, range -2.2 - 5.34kg).
The red points in Figure 3.5 show the database measures against those measured
during the visits. For these older dogs, the linear regression line is remarkably
close to the simple x = y line shown in black. Lin’s concordance coefficient for the
two measures indicates agreement on the cusp between moderate and substantial
at 0.95 (95% CI: 0.89 - 0.98) (Lin [1989]; McBride [2005]) (Table 3.1).
3.3.3.1 Summary: Weights
The average delay between prior weight submissions and weight measurements
during a visit was 61 days (95% CI: 41 - 81 days, range = 0 - 251 days) and
there is a trend between increased delay and increased difference in measurement
(Figure 3.6). The younger dogs have been plotted in blue with a linear regression
line that is considerably steeper than that of the older dogs plotted in red.
Figure 3.7 shows Bland-Altman plots for the younger and older dogs com-
paring weights measured during the visits with weights previously submitted by
owners. The horizontal lines represent the mean difference ±2standard deviation
(sd). The smaller sd in the older group is illustrative of better agreement between
measures in the dogs over one year when the dogs have largely finished growing
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[a] Dogs under a year
















[b] Dogs of a year & older
Figure 3.7: Bland-Altman Plots: Weight
rapidly and the delay between submitting measurements and subsequent visits is
less significant.
3.3.4 Dog Measurements: Height
In prior testing, two people could reliably use the stadiometer to take dog height
measurements in a veterinary setting but on visits many of the dogs were reluctant
to stand to their full height and appeared nervous of having something unfamiliar
behind their heads. Nevertheless heights were measured for all 44 visited dogs.
One of the 15 dogs under one year did not have any reasonable height mea-
surements in the database. There were only two measurements entered and both
were too low to be accurate but too high to be the subject of a simple metric
vs. imperial error. This dog was therefore excluded from the analyses of height.
The average measured height was 57.7 centimeters (cm) (95% CI: 56.0 - 59.3cm,
range = 50.5 - 62cm). The blue points on Figure 3.8 show the database mea-
sures against those measured during the visits for dogs under one year and the
linear regression line is markedly different from the simple x = y line shown in
black. As expected all measured heights were higher than those entered into the
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Figure 3.8: Comparison of visit and previously reported Dogslife heights (y = x
line in black)
12.4cm). The elapsed time between owner entries and visits was an average of
28 days (95% CI: 17 - 39 days, range = 0 - 67 days). The gap of 67 days was
associated with the greatest change in height of 12.4cm indicating the desirability
of frequent data entry by owners to capture rapid changes.
The average measured height for dogs of one year and over was 58.7cm (95%
CI: 57.5 - 60.0cm, range = 52 - 64cm). The average magnitude of difference
between measurements taken during a visit and those given by owners was 3.6cm
(95% CI: 2.4 - 4.8cm, range = -2.5 - 12.7cm). The two greatest differences 9.5 and
12.7cm both related to dogs whose owners had not entered height measurements
when the dogs were one year of age. Instead the ages at last height entry were
176 and 225 days respectively. Figure 3.8 shows the database measures against
those measured during the visits in red and, again, the linear regression line is
markedly different from the simple x = y line shown in black. Lin’s concordance
coefficient for the two measures indicates minimal agreement at 0.45 (95% CI:
0.21 - 0.64) (Lin [1989]; McBride [2005])(Table 3.1).
3.3.4.1 Summary: Heights
The visit measures and difference between these measures and those entered by
owners are shown below in Bland-Altman plots for the younger (Figure 3.9 [a])






















[a] Dogs under a year




















[b] Dogs of a year & older
Figure 3.9: Bland-Altman Plots: Height
difference ±2sd but age group is not the the only guide to difference between
visit and database measurements. Figure 3.10 demonstrates that delay between
the timing of the database measurement and subsequent visit also had a strong
effect on the difference between measurements. The older dogs are plotted in red
and the younger in blue and linear regression lines for each group are markedly
different.
3.3.4.2 Illness
The illness section of the visit questionnaire was more a test of owner recall than
data validation but it did highlight certain limitations with the illness page on
the website (questions available in Appendix 2, Section A2.7). For example one
dog consumed four packets of throat lozenges and required a vet visit and the
prescription of emetics but this was not mentioned via the online questionnaire.
The owner stated that they had not entered the information because of the title
of that website page is “Illness” and they did not consider their dog to have been
ill.
Several owners mentioned that they knew what had caused the clinical sign in



















Figure 3.10: Difference in height measurements vs. delay between online entry
and visit. Linear regression lines are included for dogs under one year in blue
and dogs of one year and over in red.
one dog vomited each time he drank cows’ milk and the owner had never entered
these incidents because again they did not regard their dog as being ill; they
simply stopped feeding him milk. In response to this feedback, and in the hopes
of encouraging owners to tell Dogslife about incidents that the owners did not
regard as illnesses, an extra free-text box was added to the questionnaire. If an
owner indicated that their dog had been ill but that they had not taken it to the
vet, a box entitled “Do you know why Dog* developed this illness?” was added
on 1st February 2013.
In total, twelve owners showed complete agreement between their online Dogslife
record and their visit questionnaire answers. Of the others, twenty mentioned
something online that they forgot during the visit and twenty-three mentioned
something during the visit that they had not previously entered into the website.
For both types of non-agreement, gastrointestinal illnesses were heavily repre-
sented.
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Dogslife & Number of Dogs
Vet Records Worming Flea treatment
Agree 7 2
Disagree 2 1
Incomplete information 5 8
No information 3 6
Table 3.11: Comparison of Dogslife and Vet Record worm and flea treatment
brands for each dog
3.4 Results: Veterinary Records
Of the 139 records collected, five were disregarded. Two referred to dogs with
only one Dogslife data entry and therefore minimal at-risk period, one was illegible
(a poor facsimile) and two referred to mixed-breed dogs with incorrect dates of
birth. It seemed likely that these latter two records did not refer to Dogslife dogs.
Seven dogs had no illnesses in their veterinary and Dogslife records so these
were disregarded for illness comparison. Six dogs had no vaccinations in their
Veterinary records during the period of time when they were members of Dogslife
so they were disregarded for vaccination comparisons. Initial comparisons were
undertaken with 17 records to assess, for each element of interest, whether the
records could sensibly used. More detailed assessments were undertaken with all
134 useable records.
3.4.1 Prophylactic Worm and Flea Treatment
Using veterinary records to determine timing of application and products used for
worming and flea treatment is problematic. Owners may purchase the products
in batches so whilst the brand of product might be identifiable, the date of ad-
ministration is typically unclear. Comparison is further complicated by the fact
that owners can buy medications elsewhere so the absence of a product from a
veterinary record does not necessarily mean that the owner is incorrect in citing
its use. With these caveats, Table 3.11 shows the degree of agreement regarding
brand between Dogslife and the vet records of 17 dogs. The ‘incomplete informa-
tion’ and ‘no information’ categorisation may apply to the Dogslife record, the
vet record or both.
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3.4.2 Neuter Status and Dog Weight
All 17 Dogslife records agreed with the vet recorded neuter status of the dogs with
only one disagreement regarding the date of the neutering operation. This entry
was incorrect by 31 days indicating a simple out-by-month error. Fifteen out of
17 records included one or more weight measurement(s) and all were consistent
with the entries in the database.
3.4.3 Vaccinations
All 128 useable veterinary records from the first and second tranches of records
collected were considered (exclusion criteria are described in Section 3.4). Accord-
ing to these records 370 vaccinations were given, of which 148 were given before
the owner registered their dog for Dogslife and 20 were given after their most re-
cent data entry. The latter 20 were disregarded as not part of a Dogslife ‘at-risk’
period but 92 of the 148 veterinary recorded vaccinations given before Dogslife
registration were recorded in the Dogslife record (62%) so dismissing everything
from this early risk period would have meant ignoring valuable information. Of
the remaining 202 veterinary recorded vaccinations given between Dogslife regis-
tration and most recent data entry, 160 had been recorded in Dogslife (79%).
The online questionnaire asked owners whether their dog had been vaccinated
since they last visited the site (or in the first instance, ‘in the last four weeks’)
(questions available in Appendix 2, Section A2.6). The owner was only able to
give one vaccination date each time they answer the questionnaire so if the dog
had been vaccinated more than once since the last data entry, the owner could
only report one of the instances. The typical interval between first vaccination
and booster for puppies is just two weeks. Both vaccinations would only be
reported if the owner made a data entry between vaccination and booster.
Examination of the veterinary records indicated that the majority of dogs were
given initial routine vaccination courses comprising vaccination and booster at ap-
proximately 2 - 3 months of age (three dogs were also given a second booster). The
vaccinations in the veterinary and/or Dogslife records are shown in Table 3.12.
If more than one dose of a single type of vaccination was given between Dogslife
data entries, the owner would only be able to give the dates of one instance
(for example, they might be able to report a booster but not the original vacci-












no report to Dogslife
reported to Dogslife
Figure 3.11: Time delay between vaccination and subsequent visit to Dogslife
website. Dotted lines indicate median delay.
collapsed in Table 3.13 for easier interpretation of truly missing or added vaccina-
tions. Table 3.13 included 76 multi-stage vaccinations comprising 155 individual
vaccinations of which only six vaccinations were entirely unreported by owners.
The delay between vaccination and subsequent Dogslife data entry appears to
be associated with whether an owner reports a vaccination. Figure 3.11 illustrates
this relationship. For the vaccinations found in the veterinary records, the median
delay between a veterinary visit and when it was recorded with Dogslife was 28
days (Inter-quartile range (IQR) = 42 days). By contrast, single vaccinations
or courses of vaccinations that were omitted from the Dogslife record occurred a
median of 48 days (IQR = 82 days) before the owner made a subsequent data
entry.
Figure 3.12 shows the proportion of each type of vaccine according to the
level of agreement between Dogslife and the vet records. There are too few
rabies vaccinations to draw useful conclusions (data not shown) but comparisons
between routine and kennel cough vaccinations are possible. There is no difference
in the proportion of routine and kennel cough vaccinations seen in the vet record
but missing from Dogslife. However, the Dogslife record is more likely to include
































































































































































































































































































































































































































Table 3.13: Number of vaccinations that agree with the vet record or have been
missed or added by owners
Agree Owner Missed Owner Added
Routine1 184 25 6
Kennel Cough 44 10 13
Rabies2 8 0 2
1 Routine vaccinations comprised the first routine vaccination and all boosters.
2 Rabies vaccinations comprised all attempts at immunisation.


















Figure 3.12: Proportion of vaccinations in Doglife records with exact 95%
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Figure 3.13: Frequency of vaccinations entered with incorrect dates
Of the 252 vaccinations that appear in both Dogslife and the vet records, only
163 were entered with the correct date. Figure 3.13 shows the distribution of the
number of days ‘wrong’ with distinct peaks at ± one, + seven and + fourteen
days (‘out-by-day’, ‘out-by-week’ and ‘out-by-fortnight’ errors). The majority are
wrong by less than a month but one particular entry (omitted from the figure)
was incorrect by 341 days and appeared to be an ‘out-by-year’ error.
To summarise, veterinary records for 128 dogs were examined and their Dogslife
records indicated that 257 vaccinations were given. Of those 257, 236 were sub-
stantiated by the vet record (91.8%, 95% CI: 88.4 - 95.2%). A further 35 (13.6%,
95% CI: 9.4 - 17.8%) were found in the vet record but entirely omitted from
the Dogslife record. The vaccination type did not appear to be related to the
likelihood of that vaccination being omitted from Dogslife but the vaccinations
found in Dogslife that were not substantiated by the vet record were more likely
to be for kennel cough (13 of 57, 95% CI: 11.9 - 33.7%) than routine or rabies
vaccinations (8 of 200, 95% CI: 1.3 - 6.7%).
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Table 3.14: Number of veterinary visits and Dogslife ‘illnesses’
Veterinary Records
Yes No
Dogslife Record Yes 170 228
No 440 unknown
3.4.4 Illnesses
As mentioned in Section 3.3.4.2, one page of the online questionnaire is titled
‘Illness’ (questions available in Appendix 2, Section A2.7). Owners are asked
about six named presenting signs and ‘Other’ problems. They were initially asked
about ‘Scratching’ and ‘Licking and chewing’ but after some confusion amongst
owners, ‘themselves’ was added. i.e. ‘Scratching themselves’.
If the owner states that they visited the vet for an illness, they are asked
whether their vet filled in the Dogslife Veterinary Health Report. These reports
comprise a side of A4 and one can be seen in Appendix 4. Owners are encouraged
to print off blank copies when they first register. At the outset of the project it
was hoped that owners would take a form with them each time they visited their
vet and then use the expert answers provided to fill in identical questions online.
Unfortunately the form is used in only 11% of cases. More typically owners do
not use the form and instead give their perceptions of the illness from memory.
Non-routine veterinary presentations in the veterinary records and owner-
perceived negative health events entered by the owner into the Dogslife database
until the end of the veterinary record for 127 dogs were compared; this comprised
838 rows of data. Table 3.14 illustrates the level of agreement between non-
routine veterinary presentations and owner reported illness events in the Dogslife
database. There is no way of determining the number of illnesses that were
neither in the veterinary records nor reported to Dogslife via the online question-
naire. Nor can the 228 health events reported by owners that did not precipitate
a veterinary visit be validated. However 69% of these 228 health events were
relatively unambiguous such as vomiting or diarrhoea so it can be hoped that it
would be difficult to mistake these signs.
Initial comparison between the veterinary records and those reported health
events associated with veterinary visits was disappointing (Table 3.14). Of the
610 veterinary visits, only 170 were reported to Dogslife. However the online ques-
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Dogslife Record Reported 137 205
Never Reported 39 unknown
tionnaire was not designed to capture veterinary visits but rather clinical signs;
enabling the capture of information (such as the 228 clinical signs mentioned
above) regarding owner-perceived signs of ill health that are never presented at
primary or secondary veterinary practices. Events that precipitated a veterinary
visit would still be reported but the collection of a greater breadth of health in-
formation was facilitated. If an owner visited the vet three times for their dog’s
eye infection then unless the owner filled in the questionnaire on three separate
occasions, they would not be given the opportunity to detail those three vet vis-
its. The 610 veterinary visits included in this analysis referred to just 176 unique
health events1 and, as shown in Table 3.15, the Dogslife’s record omitted entirely
only 39 vet recorded health events - just 22%.
Health events which did and did not result in veterinary visits are compared in
Figure 3.14. ‘Scratching’ and ‘licking and chewing’ have been collapsed into one
category ‘skin’ and the two most highly represented areas in the ‘Other’ category
have been separated into ‘Other (ear)’ and ‘Other (eye)’. Gastrointestinal illnesses
are disproportionately prevalent in non-vet visiting health events.
The health events which required a veterinary visit are shown in Figure 3.15
according to presenting sign and whether the owner reported them to Dogslife.
The proportion of under-reporting appears uniform across health event type.
Figure 3.16 illustrates that the delay between an illness occurring and sub-
sequent data entry is associated with the likelihood of the owner recording an
illness via the questionnaire. For the illnesses found in the veterinary records, the
median delay between a veterinary visit and when it was recorded with Dogslife
was 16 days (IQR = 27.5 days). By contrast, vet visits that were omitted from
the Dogslife record occurred a median of 40 days (IQR = 64.5 days) before the
owner made a subsequent data entry.




















































































no report of vet visit
reported vet visit














no report of vet visit
reported vet visit
Figure 3.16: Time delay between vet visit and subsequent entry to Dogslife
website. Dotted lines indicate median delay.
3.5 Discussion: Visits
3.5.1 Household Profile
Despite random selection of prospective households, Table 3.3 indicates that the
owners visited were somewhat different to the Dogslife cohort as a whole. Only a
small number of owners were involved so any differences between the sample and
cohort such as the higher proportion of female dogs visited could be due to chance.
However the nature of the household types visited appears non-representative of
the cohort and likely reflects responder bias. Despite offering to visit during
evenings and at weekends in addition to normal office hours, a visit still meant a
time imposition for owners. It might be expected that retirees would have more
free time and therefore be over-represented in this group. That this same over-
representation is repeated for the singleton households is less easy to explain but
may again reflect a higher amount of free-time in this group relative to the more
populous households.
In contrast to the Dogslife visit responder bias, studies of human health typi-
cally find their response bias to have a different slant. Direct comparisons between
responders in surveys of human health and those visited by Dogslife are prob-
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lematic because the visited owners were sampled from a Dogslife cohort that has
effectively been pre-screened for interest in Labrador Retriever health. Instead
humans who volunteer for health studies might more properly be compared with
owners who originally join Dogslife. Nevertheless, a study of human health in the
Netherlands found that households containing only one person were less likely to
respond to the survey (Reijneveld and Stronks [1999]). Indeed whilst the Dogslife
household categories are not directly comparable with much of the published lit-
erature, married people (approximating to the ‘Family’ and ‘More than one adult’
categories) are normally over-represented as respondents in health surveys. Age
is a more complicated factor and its effect on response appears to depend on the
survey. The millennium cohort found that old age was associated with higher
response (Littman et al. [2010]) but the Netherlands study found no effect (Rei-
jneveld and Stronks [1999]). Owners who did not volunteer to be visited were
not asked for their reasons but it should be recognised that they may represent
a different group of dogs than those examined.
3.5.1.1 Household Type
Despite the effort to define the household options clearly, the categories were
not mutually exclusive and some degree of confusion regarding classification was
inevitable. For example households might include two adults but only one might
be retired, placing this household into two Dogslife categories. Using titles such
as ‘Family’ also allowed owners to use their own definitions. In particular when
visiting one couple it was apparent that the presence of children was not relevant
to them when calling themselves a family. With hindsight, removing ‘Family’
and specifying the age of children by re-titling the first category as ‘One or more
adult and one or more children under 16’ might help owners choose categories.
Similarly changing the ‘Retired’ category to ‘One or more retired adults’ might
be clearer. In terms of data usability, the misclassification was minor and should
have little effect on future analyses.
3.5.1.2 Smoking
The visits highlighted a potential issue of under-reporting of smoker status amongst
those who only smoke outside. This may in part be due to the phrasing of the
question “Does anybody in the household smoke?” which may have been in-
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terpreted as “Does anybody smoke in the household/house?”. Self-reporting of
smoking status is thought to be reliable in the general population (Patrick et al.
[1994]) but affected by social desirability in specific groups such as pregnant
women (Russell et al. [2004]) and those suffering from respiratory diseases (Lewis
et al. [2003]). Smoking is increasingly socially undesirable in the UK and this may
also have contributed to the under-reporting of smoking in the Dogslife cohort.
There is no way to quantify the impact of misclassification of outdoor smokers
as non-smokers but a recent study in Scotland would suggest that the effect on
their dog may be minimal (Knottenbelt et al. [2012]). The investigation was not
primarily focussed on indoor versus outdoor exposure but compared three groups
of dogs: those never exposed to cigarette smoke, those exposed irregularly or
outdoors, and those exposed regularly indoors. The levels of nicotine found in the
neck fur of dogs in the never exposed and irregularly exposed groups were clearly
distinguishable from the regularly exposed group. As might be expected, those
in the group that included dogs only exposed outdoors had intermediate levels of
nicotine (between no and regular reported exposure) but analysis indicated that
there was no evidence of a difference between the never exposed and irregularly
exposed groups. From a Dogslife perspective, this negative result would make
the mis-classification of outdoor smokers as non-smoker households unimportant
in future analyses.
3.5.1.3 Dog Purpose, Other Pets & Geographical Location
Visited owners appeared to find the ‘dog purpose’ and ‘other pets’ elements of
the online questionnaire simple and easy to answer. None of the owners suggested
amendments and their visit answers broadly agreed with the answers previously
given online. Owners are also asked for their postcode at registration and of the
43 households visited, one owner was visited at a postcode that was different to
the location given in the Dogslife database. The owner mentioned having moved
in the previous year but they had not updated their profile.
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3.5.2 Repeated Dogslife Questionnaire
3.5.2.1 Sleeping Location
There was broad agreement between visit and Dogslife database answers regard-
ing the dogs’ sleeping locations with 36 of 43 owners giving the same answer
in both instances. Eleven of the visited dogs slept with another dog and their
owners categorised them either as ‘sleeping alone’ or ‘other’. Following the visits,
amendments were made to the potential answers to “Where does Dog* sleep at
night?” so that owners may now explicitly choose an option of ‘sleeping with
another pet’. With this amendment, 40 of 43 owner answers would agree.
3.5.2.2 Diet
The Dogslife questionnaire attempts to capture daily, repeated food intake by
asking owners to weigh their dogs’ meals. These weight measurements were rel-
atively reliable for wet food but were of varying quality for the other food types.
In some cases, there appeared to be a problem with owners giving the weight
of a meal rather than the whole daily quantity. Whilst visiting it also became
apparent that the full range of food eaten by the cohort could not be captured
by the Dogslife questionnaire and that, despite offering examples online, owners
did not necessarily agree on what might be considered a titbit. Where owners
did mention feeding titbits, they varied from dog training treats to nightly bowls
of rice pudding. That type of detail is not captured by the database and likely
could not be usefully quantified given the number of Dogslife participants but
its absence further increases the difficulty of comparing diet and calorific intake
based on the online questionnaire alone.
Whilst it is impossible to know why owners found the “titbit” question so
difficult to answer accurately, the use of the word titbit may be part of the
problem. There may be an assumption in owners minds that a titbit comprises
human food, from a human’s plate; or perhaps the word titbit implies food that
is inherently bad for their dog. Upon reflection, the word titbit should perhaps
have been avoided. In light of the apparent difficulty owners had answering the
titbit question, it was re-phrased as follows:
“Does Dog* also receive“titbits”? For example anything else your dog eats
such as food off your plate, training treats, chews etc.?”
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This new phrasing did not remove the word titbit but the answers given
before and after the phrasing change indicated that owners apparently adapted
their answers. During October 2011, there were 410 entries regarding the titbit
question comprising 245 no and 165 yes answers. In October of 2012, following the
wording change, there were 499 answers comprising 85 no and 414 yes answers.
Without visiting the 85 owners who answered no and asking them face-to-face it
is unclear whether they too fed their dog “just a little bit of chicken skin now and
again” or truly did not give their dog anything extra, but the new phrasing does
yield answers which are closer by proportion to those found during the visits.
Unfortunately it appears that the data captured by the online questionnaire
are not accurate at a fine level of dietary detail. Nevertheless the data provided
by owners are valuable at a level of broad discrimination such as whether the
owner feeds a primarily wet or dry diet.
3.5.2.3 Bathing
The phrasing of the bathing question when Dogslife was launched (“Has Dog*
been bathed in the last 4 weeks?”) presented a problem because after the dogs
reach one year of age, owners are only asked to make data entries every three
months. In the light of that, an owner might have said that their dog had been
bathed during the visit but it would legitimately never appear on the Dogslife
database. The visit process highlighted this issue and the question was changed
to “Has Dog* been bathed since you last visited the site?”
The most frequent answer to how often the dog was bathed was ‘When (s)he
needs it’ and despite prompting owners were not always able to turn this into an
answer allowed by the Dogslife questionnaire. The visited owners did not bathe
their dogs on a regular basis so for them, the potential answers to the bathing
frequency question were inappropriate. Prior testing of the Dogslife questionnaire
did not highlight this issue, presumably because for the owners surveyed, the
offered answers were not ‘wrong’ but rather ‘not ideal’.
Despite these issues, when owners had never made a bathing entry into the
database, the visit answers indicated that it was reasonable to assume that the
dog had likely never been bathed. Thirteen of fifteen owners asserted in person
that their dog had not been bathed and the remaining two had only been bathed
once. Changing the phrasing of the initial bathing question should have reduced
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the number of ‘Never’ misclassifications in the data. Typically when an owner had
entered ‘Less than monthly’ their answer was also substantiated in person. Only
two of thirteen database answers of ‘Less than monthly’ were contradicted during
the visits. The monthly and fortnightly measures seemed to be less reliable and
the more frequent options were not tested as none of the owners visited bathed
their dog so frequently.
3.5.2.4 Swimming
The online questionnaire does not address the question of dogs paddling and/or
swimming. During the visits owners were asked whether their dogs accessed water
in order to gauge whether such access need be considered as an environmental
risk factor in future analyses. The addition of a paddling/swimming question
to the online questionnaire was thought to be too onerous for owners to address
in each data entry but 35 of the 44 dogs engaged in swimming or paddling to
varying extents. It was therefore deemed important to ascertain whether a dog
had access to water when considering specific diagnoses such as otitis externa
and limber tail. Investigations into either condition could be facilitated by one-
off questionnaires sent to smaller sub-samples of the cohort without repetitively
burdening owners.
3.5.2.5 Weight
Weight is the one question in the online questionnaire that is not mandatory but
many owners mentioned making special trips to the vet in order to weigh their
dogs for the project. Despite some concern on the part of the project team that
dog weight might be particularly hard for Dogslife to capture (due to lack of
data), many owners offer dog weights and the database weights of those visited
appear reliable. This reliability could not be directly tested for dogs under one
year during the visits as the dogs were still growing. As might be predicted,
all but one of the visit weights were higher than those in the Dogslife database.
However where weights were mentioned in the veterinary records, they were fully
consistent with the Dogslife records. Comparison between database and visit
weights for dogs over one year was more legitimate and there was a high level
of concordance between the two measures. As the cohort age, weight reporting
may become subject to reporting bias with owners of obese dogs more likely to
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not report their dog’s weight due to social stigma but to date, Dogslife recorded
weights appear to be a good reflection of the weight of the cohort.
3.5.2.6 Height
Whilst it might be expected that the agreement between Dogslife and visit height
measurements would be poor for the younger dogs, it was also poor for dogs
over one year. A video is available on the Dogslife website showing a standard
method for measuring dog height but many owners commented on the difficulties
they faced when obtaining this measurement. Indeed the dog measurement page
(which includes a mandatory height measurement question) has the highest drop-
out rate of any page of the online questionnaire (Clements et al. [2013]). Owner
(and visitor) problems when taking the measurements will likely be reflected in
increased noise in the height data but these difficulties cannot entirely explain the
shape of the disagreement, particularly for the older dogs. As expected delays be-
tween online reporting and visit measurement had a greater effect on comparisons
of younger dogs but the effect was still present in older dogs. This clear effect on
the older age group indicated that the stadiometer was unlikely to be the cause
of measurement difference between the database and visit measurements. Not
only was the agreement minimal, but only four of the 29 visit measurements were
lower than those entered into the database. If it is assumed that the stadiome-
ter is equivalent to the methods used by owners and that the dogs stop growing
at one year, then the measurements taken during the visits should have a 50%
chance of being lower than those entered by owners i.e. 14-15 measurements
should have been lower. The lack of balance in Figure 3.8 suggests that either
the stadiometer measurements were inaccurate, the database measurements used
were inappropriate (due to the relative youth of some dogs) or that the dogs
continued to grow after one year of age.
During 2012, two owners contacted Dogslife after their dog’s first birthday to
indicate that their dog had grown but that they were no longer able to enter height
measurements because their dog was over one year of age. Subsequent literature
searches found a new study regarding skeletal growth in Labrador Retrievers
(McBrien et al. [2011]). Tantalum markers inserted into the tibia of six male
dogs were shown to still be separating as the study concluded when the dogs
reached 13 months of age indicating that the dogs had not stopped growing. On
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the basis that it was apparently unclear when Labradors reached full height, the
website questionnaire was modified in early 2013 so that owners were asked to
enter their dog’s height until the dog was 18 months old. It was anticipated that
this extension would potentially help solve another issue in the height data that
was highlighted by the visits - the age at last height entry of the older visited
dogs in this analysis was often well under one year. By offering the opportunity
to enter height data after one year, owners were given the chance to ‘catch up’
and give Dogslife the height of their mature dog.
3.5.2.7 Visit Summary
At the time of the visits, information given as a one-off at registration was typi-
cally repeated. Owner characterisation of their dog’s purpose and answers regard-
ing other pets in the household were largely in agreement with those previously
entered into the Dogslife database. Only one owner had moved house but not
revised their online profile and a different owner had stopped smoking but not
updated their smoking status. Under-reporting of smoking status by those who
smoked outside was an issue in this sub-section of the cohort but recent work
suggests that this under-reporting should not greatly affect any future risk factor
analyses (Knottenbelt et al. [2012]). Collection of household type information
was complicated by non-mutually exclusive categories but even with this issue,
37 of the 43 visited households were accurately characterised and up to date in
the Dogslife database.
As the examples of the owner who moved and the owner who stopped smoking
indicate, irrespective of reminders, not all owners will update their Dogslife pro-
files. However one owner explicitly mentioned doing so when one of their other
dogs had died and the facility helps minimise inaccuracy due to changes over
time.
The visits provided a great deal of useful feedback from owners regarding the
project. Several owners commented that they would like to be able to interact
with other owners and compare their dog’s progress with the rest of the cohort.
There was also a lack of enthusiasm regarding the repetitive nature of data entry;
particularly when nothing was changing. For example owners are asked each time
what weight of food they give their dog and for the details of the dogs’ exercise
regimes. The answer fields were not pre-populated with the previous answer in
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the hope that owners would revaluate their answers each time and Dogslife would
capture any subtle changes. It became apparent during the visits, particularly for
older dogs, that both diet and exercise regimes did not vary and that owners were
not weighing the food or re-estimating their dog’s exercise. Retention becomes an
increasing priority as a cohort ages so addressing the concerns expressed during
the visits was a high priority.
In the interests of preventing the cohort from influencing each other and bi-
asing all results, owners could not be facilitated in directly comparing their dogs.
However in Janurary 2013 the first paper based on the Dogslife project was pub-
lished (Clements et al. [2013]) and the study-so-far section of the website was
updated to feed these results back to the owners. In November 2013, sleeping
location, dietary answers and exercise answers were pre-populated in the online
questionnaire for dogs over one year of age in the hope that it would minimise
owner response fatigue and maximise retention. Mooney et al. [2009] addressed
the issue of pre-populating factual answer fields as part of their longitudinal
study of substance abuse. They showed that offering partially pre-populated
questionnaires resulted in minimal time saved for the substance abuse centres
who completed them but was perceived to be “very helpful” - a positive effect
on perception rather than reality. Given that Dogslife is based on the goodwill
of owners, such a perceived impact was thought to be invaluable in maintaining
data entry levels.
3.6 Discussion: Veterinary Records
3.6.1 Prophylactic worm and flea treatment and neuter
status
Comparing the worm and flea treatment information in the vet records with that
in the Dogslife record was extremely difficult. The quality of data available in
the vet records made validation of the Dogslife record largely impossible. Neuter
status however was well recorded in both the vet record and in Dogslife. The
two records were very much in agreement and neuter status and timing in the
Dogslife record can be relied upon in future investigations.
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3.6.2 Vaccinations: Data Accuracy
Vaccination reporting was not entirely accurate. Owners reported vaccinations
that could not be substantiated from the veterinary records, failed to report oth-
ers included in the records and only 163 of 252 reports had correct vaccination
dates. In particular, owners were likely to report that their dog had received a
kennel cough vaccination when they had not. This last finding perhaps suggests
that owners believe kennel cough is vaccinated against as part of their dog’s nor-
mal yearly booster. In future analyses, kennel cough will be the least reliable of
the vaccination measures captured by Dogslife. However, despite some misclas-
sification of vaccination status, the vaccination reports give a guide to routine
health care for the dogs. Rabies and routine vaccinations appear broadly reliable
with under 20% of vaccination courses missed entirely.
3.6.3 Illnesses: Data Accuracy
Veterinary and Dogslife records were examined for 127 dogs; 381 different illness
events were recorded in one or both media. Of the events that involved a vet-
erinary visit, only 39 (22%, 95% CI: 16.3 - 29.0%) were entirely omitted from
the Dogslife record and the proportion of each type of event reported lay uni-
formly between 75% - 80%. Events which required a vet visit that were reported
to Dogslife were accurately described by owners resulting in Dogslife presenting
signs that were consistent with the veterinary records. Gratifyingly, the Dogslife
diagnosis records were also consistent with the veterinary records. In future risk
factor studies, the Dogslife records maybe confidently used to accurately classify
vet-visiting cases.
The majority of health events (205) did not involve a veterinary visit and these
conditions were disproportionately distributed between the Dogslife categories.
Illnesses involving vomiting and/or diarrhoea were more likely not to involve a
vet visit, which is consistent with surveys of human vomiting and diarrhoea such
as a study of infectious intestinal disease in the UK that found only one in six
cases were reported to a doctor (Wheeler et al. [1999]). By contrast, conditions
involving limping or lameness, or ‘other’ were more likely to involve a veterinary
presentation than not, whereas coughing, licking or chewing, and scratching were
approximately equal in terms of numbers visiting and not visiting the vet. The
data regarding these non-vet-visiting illnesses is of unknown quality, both due to
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lack of validation and because all detail relies on owner reporting in the absence
of veterinary diagnosis. As such it is typical for these health events to have
been coded within Dogslife as lacking a diagnosis. However, their presenting
signs were recorded and these presenting signs may be used as case definitions in
future analyses. Much of any potential unreliability in non-vet-visiting illnesses
is inevitable by definition but these data should prove invaluable for building a
picture of a dog’s ongoing health.
3.6.4 Vaccinations & Illnesses: Recall Decay
The delay between vaccination and subsequent Dogslife data entry was clearly
associated with vaccination reporting. Omitted vaccinations were associated with
a greater delay. This phenomenon, known as recall decay, can be explained by a
theory of declining strength of a memory (Hinrichs [1970]). It is taken into account
in the design of censuses (Neter and Waksberg [1965]), specifically studied with
regard to the accuracy of self-reported drug misuse (Shillington and Reed [2011])
and must be considered in the design of all questionnaires. The design of Dogslife
as a web-based project should have minimised recall decay as owners may enter
new information at their convenience and are not limited to reporting when an
interviewer visits or the next questionnaire comes through the post. However the
interval between Dogslife data entries for the young cohort, discussed in Clements
et al. [2013], peaks at 37 days when owners receive a reminder email and more
recent analysis shows a largely bimodal distribution of intervals for the whole
cohort with a peak for owners of dogs over one year at approximately 97 days. As
such, the delay between an incident and the subsequent reminder email introduces
the potential for recall decay.
In the case of the Dogslife vaccination record, the vaccination recall decay
plot (Figure 3.11) has a remarkably similar shape to the illness recall decay plot
(Figure 3.16) indicating a similar pattern of recall amongst the owners for both
questions. The median delays for reported and unreported incidents are longer
for the vaccinations but this may reflect the inclusion of vaccinations that took
place prior to Dogslife registration rather than any true difference in recall period.
In order to minimise misclassification of dogs as controls when they should be
cases (or unvaccinated when they were vaccinated), use of the vaccination and
illness data in Dogslife may involve choosing ‘at-risk’ periods of time for each
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dog that encompasses a number of days prior to each data entry rather than
considering their whole record. Schmidt et al. [2007] used this technique in a
longitudinal study of diarrhoea prevalence and while it reduced the quantity of
available data, quality was improved. Feikin et al. [2010] used data from 53,000
people in Kenya to determine that reported disease prevalence dropped below
80% of the maximum prevalence when people were interviewed more than three
days after an incident for children under five years of age and more than four days
after for individuals over five years of age. Such precise estimates of the effect of
recall decay cannot be made with a relatively small number of vet records but
using a limited ‘at-risk’ period and, for specific studies of high prevalence diseases,
potentially requesting further vet records to ensure case and non-case status will
increase the power of risk factor studies using Dogslife dogs.
Steps have also been taken to encourage owners to return when an incident
happens rather than when their reminder email arrives. Firstly the pre-population
of data in the questionnaire is aimed to reduce questionnaire fatigue so that
owners are not put off from coming to the Dogslife website and may return more
frequently. More directly, owners may also update their dog’s illness information
without completing the full questionnaire. Once an owner logs into their profile
on Dogslife there is a link, either on their homepage or visible on the “Lab report!”
health page, saying “If you need to update information about an illness, you can
update Dog’s* illness information.” It was hoped that this would encourage
and facilitate owners with regard to contemporaneously telling Dogslife about any
illness. It is not possible to determine how many owners make use of this link
but following the validation process, it was decided to advertise the link as the
first line in each of the monthly Dogslife newsletters. There is a peak in website
traffic following each newsletter (Clements et al. [2013]) suggesting that it has a
positive impact on cohort retention and it is hoped that advertising the health
link in this fashion will increase its use and minimise recall decay.
3.7 Conclusions
The initial aim of the visit process was to assess the construct validity of the
Dogslife questionnaire. With the exception of the dog measurements, it was
not a traditional validation process as Dogslife data were not compared with
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an independent gold standard. Instead database answers were checked against
answers provided by the same source of information at a later date - agreement
was found to be good. It was an invaluable process and it became clear during
the visits that the ‘comments’ sections of the visit questionnaire held the key to
improving the online Dogslife questionnaire. Several minor changes were made to
the answer options throughout the questionnaire and a major decision was made
to pre-populate the more time-intensive questions for dogs aged over one year. It
was hoped that the amendments would emphasise Dogslife willingness to respond
to owner feedback and facilitate retention of the cohort.
Comparison of the veterinary records with Dogslife records led to the im-
plementation of efforts to minimise recall decay. A decision was also taken to
minimise the effect of recall decay on potential misclassification bias by using
data from limited periods of time prior to each data entry rather than the en-
tirety of each dog’s record. With the exception of a proportion of the kennel
cough vaccinations, where data were available, Dogslife vaccination records were
found to agree with the vet records and as a whole the Dogslife database offers a






At midnight on 31st December 2013, a copy of the Dogslife database was cap-
tured. It comprised data collected over a period of three years and six months
for dogs that were aged up to four years. There is a dearth of published, peer-
reviewed work regarding what is normal for UK dogs and the Dogslife project was
designed to address such knowledge gaps. The aim of this chapter is to describe
the morphology and lifestyle of Dogslife dogs using Dogslife data. A condensed
version of this chapter has been published by Pugh et al. [2015b].
4.2 Methods
As mentioned in Section 2.3.1, raw data from the database were cleaned into
separate csv files. These csv files were used in all future analyses and it was
possible to link them together by the use of unique dog, owner, data entry or
illness instance identifiers (IDs). The different methods used for data cleaning
are described in association with specific data types.
Appropriate statistical techniques described in Section 2.3.1 were used to seek
associations between demographic factors. Linear mixed models were performed
using the lme4 (Bates et al. [2014]) and nlme (Pinheiro et al. [2013]) packages.
Model assumptions regarding the residuals (normality and homogeneity of vari-
ance) were checked by visual inspection of plots of residuals against fitted values.
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Figure 4.1: Genetics of common Labrador Retriever coat colours
4.2.1 Coat colour analyses
Coat colour genetics form part of analyses included below. Saliva samples sent
by owners (as described in Section 2.2.4) were genotyped for coat colour by Ailsa
Carlisle, Roslin Institute. Polymerase Chain Reaction (PCR) based amplifica-
tion of MC1R and TYRP1 was undertaken using methods which are standard in
the laboratory of Professor Kim Summers. In LRs, yellow, black and chocolate
colours are controlled by two genes MC1R and TYRP1 (Schmutz and Berryere
[2007]). At MC1R, a homozygous mutation (ee) characterised by a stop codon
instead of an arginine results in yellow coat colour irrespective of genotype at
TYRP1 (fox red dogs are a variant of yellow so they are also ee at MC1R).
TYRP1 controls the production of a tyrosinase-related protein which differen-
tiates between chocolate and black dogs should MC1R be heterozygous (eE) or
homozygous wild type (EE) (Figure 4.1). Three different recessive mutations at
TYRP1 can result in chocolate dogs (bb).
4.2.2 Time at risk
The cohort time at risk comprised the sum of each dog’s individual time at risk.
This was looked at in two ways. The first time an owner filled in a questionnaire,
all questions asked about the preceding four weeks. The total time at risk was
therefore considered to start 28 days before the first complete data entry and end
at the final completed data entry. If the first data entry took place before the
dog was 28 days old (4 dogs), the date of birth was used as the starting point.
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Figure 4.2: Calculation of total and adjusted times at risk. The dog was
registered at 206 days of age and windows of 40 days prior to data entries were
used to calculate adjusted time at risk.
For subsequent data entries, there was evidence of recall decay when owners left
long gaps between Dogslife visits (Section 3.6.4). Adjusted times at risk were
therefore calculated considering a fixed period prior to each data entry. The
impact of different time windows was explored. Figure 4.2 shows the calculation
of an adjusted time at risk using a 40 day window. Illnesses and vaccinations
that were reported to have taken place more than 28 days before the first data
entry or more than, for example, 40 days before the entry when it was reported
would be included in frequency reports but excluded from rate calculations.
The dog in Figure 4.2 would contribute 202 days to the total cohort time at
risk but just 142 days to the time at risk if the window used was 40 days. They
would be considered to have suffered three illnesses but only the latter two would
contribute to illness rate estimates that addressed the total time at risk. This
would reduce to just one illness (the middle one) if a 40 day window for time at
risk were applied.
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4.2.3 Relatedness
The sires and dams of the members of the Dogslife cohort were tabulated using
their KCID in order to determine how many pups each sire and dam contributed
to the cohort. The table contents were then themselves counted to give a measure
of how many dams and sires had one, two, three etcetera pups in the Dogslife
cohort. The frequencies of sire and dam contributions in the cohort were then
compared with the the same statistics generated by 1,000 cohort-sized groups
that were randomly selected from all eligible dogs.
4.2.4 Dog Height Cleaning & Analysis
Owners were asked to measure their dog’s height to the shoulder (as described
in Section 3.2.1.1; question available in Appendix 2, Section A2.2). The website
asked for a two digit number and gave the owner the opportunity to choose the
appropriate units (inches or cm). If the owner chose inches, their entry was
converted by multiplying by 2.54 and stored in the database in cm. The question
was asked for dogs aged under 18 months and asked again when each dog reached
three years. An answer must have been entered for the owner to continue on
through the questionnaire. All raw reported heights were plotted against dog age
(Figure 4.20) and it was apparent that extensive cleaning would be required. The
steps of the cleaning process are described below.
Step 1: At times, owners appeared to try to correct their own data entry errors.
For example, one owner entered 254 cm, then within the same day entered 24
inches (60.96 cm). The data were reduced such that if entries were made within
five days of each other, only the latest height would be kept.
Step 2: Unusually high heights were examined in the context of the height
records for affected dogs. Measurements such as 81.28 cm (entered as 32 inches)
were assumed to be the result of typographical errors whereby the owner should
have entered 23 inches (58.42 cm). Amendments were made where it was consis-
tent with the dogs’ records.
Step 3: Heights of less than 7 cm when the dog was aged over 50 days were
examined in the context of the height record for that dog. The assumption was
made that, should they not be the result of obvious typographical errors, then
perhaps the owner had entered a false number in order to continue past the
compulsory height question. All ‘false’ entries of 1 cm or less were deleted. If
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the dog was aged between 50 and 100 days, all ‘false’ entries of 5 cm or less were
deleted. If the dog was aged over 100 days, ‘false’ entries of 7 cm or less were
deleted. These boundaries were chosen on the basis that the heights were extreme
outliers for those ages.
Step 4: Figure 4.22 shows what appear to be two growth curves. The lower
curve is approximately 2.54 times lower than the main curve. It was hypothesised
that owners had taken a measurement in inches but chosen cm as the units when
entering the record into Dogslife. It was also thought possible that some of the
very high heights might be the result of owners measuring in cm but entering
their dog’s height in inches. To correct these heights, a probabilistic model was
applied to the whole data set and used to estimate whether entries might have
been given in the correct or incorrect units. The heights were assumed to be
normally distributed (Equation 4.1a) and the mean height was modelled to change
exponentially with age (Equation 4.1b). Each height would also fit one of three
classes (Equation 4.1c): measured in cm and reported in inches; measured and
reported in the same units; measured in inches and reported in cm.
height = N(µ, τ) 4.1a








The model was estimated under a Bayesian framework using the rjags package
(Plummer and Stukalov [2014]). Each sex was modelled separately. One thousand
iterations were used for adaptation and 2,000 were discarded as ‘burn-in’. The
final model was based on a further 5,000 iterations and the mixing of the models
was checked using the coda package (Plummer et al. [2006]). Once identified, the
mis-reported heights were corrected using a multiplier of 2.54 or 12.54 and these
corrected heights were used in future analyses.
The model required Bayesian priors, shown in Equations 4.2. Parameter A
was the mean full height of the dogs (Equation 4.2a) and was taken from the
UKKC breed standard for LRs which was 55-56 cm for females and 56-57 cm
for males (The Kennel Club [2014]). Parameter B was a proxy for growth rate
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(Equation 4.2b). The height was ‘decaying’; growing half way closer towards its
maximum height, A, every ln2
B
days. Parameter C was an off-set term that allowed
the height to have a non-zero value when the pups were born (Equation 4.2c).
Parameter pi is the prior probability of a measurement belonging to each different
error group (Equation 4.2f): i.e. estimated 10% chance of being subject to each
type of inches-cm error and 80% chance of having the correct units.
Bayesian Priors:
A = N(56, 0.01) 4.2a
B = Uniform(0, 1.5) 4.2b
C = Uniform(0, 100) 4.2c






pi = Dirichlet(0.1, 0.8, 0.1) 4.2f
Step 5: Following correction, there remained heights greater than or equal to
75 cm. These were all examined in the context of the relevant dog’s height record.
Heights that were assumed to have been over-corrected by the Bayesian approach
were amended by dividing by 2.54. Heights that appeared to be affected by mis-
typing, such as that described in Step 2, were amended. Heights that could not
be simply amended were deleted.
Dog heights were then examined with reference to sex and coat colour using
the Bayesian approach described above. Mature heights were compared with
UKKC breed standards.
4.2.5 Dog Weights Cleaning
Owners were asked for the weight of their dog regardless of its age but they were
not required to answer the question (as described in Section 3.2.1.1; question
available in Appendix 2, Section A2.2). They were given the opportunity to
choose their unit of measurement and if they entered the number in poundss (lbs),
then it would be converted to kg by dividing by 2.204623. As with the heights,
the dogs’ weights were plotted against age and examined visually (Figure 4.26).
Cleaning was undertaken in a stepwise process that is described below.
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Step 1: As with Step 1 of the cleaning process for heights, owners appeared
to correct their own data entry mistakes. If multiple entries were made within a
five-day interval, only the last weight was kept.
Step 2: Weights above 100 kg were examined in the context of the weight
record for that dog. Measurements such as 3,705 kg were changed to 37.05 kg.
Similarly, weights such as 269 kg were changed to 26.9 kg.
Step 3: Weights of less than 17 kg when the dog was aged over 300 days,
less than 12 kg when over 200 days or less than 5 kg when over 100 days were
examined in the context of the weight record for that dog. Weights were amended
if they appeared to be subject to obvious typographical error. Individual weights
were deleted if they could not be reconciled with the rest of that dog’s record.
If the whole record seemed low then the height of the dog was checked. Dogslife
records were searched for pictures of dogs that seemed to be outliers. If no
further information could be found, these measurements were assumed to be
correct. Individual measurements that appeared to be low by a factor of ∼2.2
were assumed to be the result of a lb-kg error, similar to the cm-inch error for
heights. These weights were multiplied by 2.204623.
Step 4: All weights over 50 kg were examined in the context of the dog’s
complete weight record and any photographic information. As for the low weights
in Step 3, typographical errors were amended. Inexplicably high weights were
deleted. Those that appeared to be subject to a lb-kg error were divided by ∼2.2
and those that fit with an increasing overall weight profile for a dog were left.
4.2.6 Dog Weights Analysis
Dog weights data were explored visually with reference to coat colour, dog sex and
other non-varying factors such as dog purpose. Weight was used as a proxy for an
investigation of obesity using only weights when the dogs were aged one year and
over. A linear mixed model approach was used. Both pet and owner IDs were
included as random terms and an auto-correlation structure was used to account
for the repeated measurements. Univariable analyses were undertaken before
combining factors into a model to describe weight variation. Unchanging factors
were initially examined before moving to include variables that changed with
time such as sleeping location, neuter status, diet and exercise levels. Exercise
levels were investigated as both categorical and continuous variables. The focus
89
4. LIFESTYLE & MORPHOLOGY
of the model was on main effects but biologically plausible interactions between
age, sex, neuter status and height were also assessed. The reported multivariable
model had the lowest Akaike Information Criterion (AIC) of all possible models,
found using the MuMIN package (Bartoń [2014]).
Height needed to be included in the model but finding a reliable, mature height
for as many dogs as possible was complicated. As was demonstrated during the
validation process, individual height measurements were not very reliable and it
was not clear when the dogs stopped growing (Section 3.3.4). A compromise was
sought between including as many dogs as possible, many of whom might not
have heights reported as they got older, and trying to ensure that the heights
used were mature heights. It was also not thought advisable to simply use the
tallest height for each dog after they reached a specific minimum age because
the reliability of individual measurements might bias the outcome. Only heights
reported after the dog was 10 months of age were considered and for each dog,
the mean of these older heights was taken.
The results of the mixed model showed an association between coat colour and
weight such that chocolate dogs were heavier than their yellow and black coun-
terparts. It was assumed that a proportion of yellow dogs would have chocolate
mutations and that they would effectively be “stealth” chocolate dogs (Figure 4.1,
genotype eebb). If the relative heaviness of the chocolate dogs were associated
with the chocolate mutation in TYRP1 then it was hypothesised that heavier
yellow dogs might have the chocolate genotype. DNA samples from 25 yellow
dogs were chosen according to sex and weight. Canine TYRP1 was amplified us-
ing PCR techniques by Ailsa Carlisle, Roslin Institute, University of Edinburgh
(Section 4.1). The PCR products were purified and amplified before being se-
quenced by Edinburgh Genomics to determine whether they had the chocolate
mutation. The 25 yellow dogs were chosen as follows: ten dogs with the highest
minimum weight after one year of age (five male, five female); ten dogs with the
lowest maximum weight after one year of age (five male, five female) and five
dogs with the highest minimum ratio of weight to height2 after one year of age (3
male, 2 female). DNA extraction, sequencing and analysis of the sequence was
done by experimenters who were blinded to the relative weights of the dogs.
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4.2.7 Neutering Information Cleaning & Analysis
Each time an owner answered the Dogslife questionnaire, they were asked whether
their dog had been neutered and if so, when it was neutered. Once neutering
information was given, they were not asked again. The neutering dates needed
to be checked for obvious inaccuracies such as being neutered before the dog
was born or being neutered in the future (relative to the time of answering the
questionnaire).
The proportion of the cohort being neutered and their age of neutering was
assessed and examined in the context of the dogs’ sex.
4.2.8 Diet Cleaning & Analysis
Owners were asked about the type and quantity of food given to their dogs (as
described in Section 3.3.2.2; questions available in Appendix 2, Section A2.5).
They were asked for a numeric quantity value and given the opportunity to choose
the relevant unit; g or ounces (oz). Amounts entered in ozs were multiplied by
28.35 and recorded in the database in grams. Quantities were initially examined
for zero and non-numeric answers that were amended or treated as missing values
(NAs). All quantities over 2000g were investigated in the context of other answers
for that dog and answers such as 450400 were converted to 425g. Some answers
appeared to be subject to a an error whereby the owner had chosen the incorrect
units. For example, one measure of 8504.857 was likely 300g but entered as 300oz.
These entries were divided by 28.35.
The entries whereby owners recorded their dog’s diet type as ‘other’ required
cleaning. These were visually examined and re-coded into those that included
raw meat or eggs and those that did not.
Multiple rows of data might refer to one answer; for example a mixed diet
would have a row relating to wet food and a row relating to dried food. These
multiple rows had to be amalgamated into one row for future analyses. This
was done on the basis of the pet ID and the time of reporting. Amalgamating
the quantities was complicated by needing to add wet food weights to dry food
weights. Future comparisons would be limited by the higher relative water content
in the non-dried foods.
Once the details of mixed diets were amalgamated into a single row, the
dietary data were then subjected to the technique that removed answers if the
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owner had entered new data within five days of their previous answer.
As discussed in Section 3.3.2.2, validation work indicated that diet data cap-
tured by the Dogslife questionnaire was not a perfect reflection of the true dietary
intake of the dogs. Analysis of the collected data was therefore limited. The re-
ports of types of diet were analysed and the quantities were examined graphically.
The brands of commercially available food were not examined in detail. Feed-
ing guides for four of the top ten most frequently reported brands of food were
examined to determine how much the manufacturers advised a dog of 20-30kg
should eat. On average, they advised 3.84 times as much wet food by weight as
dry food. This factor was used to create an approximate dry food weight for the
wet, mixed and other food types.
4.2.9 Exercise Cleaning & Analysis
The exercise data theoretically should have required minimal cleaning because
all owner entries were chosen from drop-down menus that did not have ‘other’
options (questions available in Appendix 2, Section A2.4). There were no free-
text entries so all that was required was for duplicate entries to be deleted and for
entries where owners had corrected their previous answer to be given precedence.
This latter was done in a similar fashion to Step 1 of both the weight and height
cleaning, by deleting entries that had subsequent entries within five days of their
date of reporting.
The exercise data were available as answers to individual questions. How
much time, per day, did the dog spend on specific activities such as ‘obedience
training’ on a weekday and on a day during the weekend. A completed question-
naire would comprise six lines of time categories, weekday and weekend amounts
for each of six different types of activity. These amounts of time might then either
be treated as ordered categorical variables, or given continuous values at random
from appropriate uniform continuous distributions. Continuous times were cre-
ated for each entry during the cleaning process both at random and as simple
mid-points. For the final category of ‘over 2 hours’ a maximum of four hours was
assumed making the mid-point three hours.
In order to reduce the number of variables associated with the exercise ques-
tionnaire, weekday and weekend measures were aggregated to produce a weighted
average of the time spent on each activity. Weighting was done by multiplying
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the week day levels by 57 and the weekend levels by
2
7 , then summing the two.
There were additional inexplicable oddities in the data. In theory, each time
an owner answered the questionnaire, a unique Data Entry identifier (DEID)
would be generated which would link together the answers to different sections
of the questionnaire such as exercise and dog weight. Each DEID should only
be associated with one set of questionnaire answers so exercise information given
on date X would link to dog weight information also given on date X. Odd du-
plicates whereby sequential DEIDs were associated with duplicated information
were recognised and dealt with early in the data cleaning process. It appeared
however that some DEIDs were associated with multiple, different exercise en-
tries. This was not a simple matter of an owner changing their mind during a
data entry because each entry was dated and entries with the same DEID were
separated by as much as five months. Once discovered, it was determined that
this type of error was also present in other data types. For analysis purposes,
each instance needed to be identified because data in these cases could not be
linked using the DEID. If a data entry was associated with two different time
periods, A and B, linking by the DEID would link A with A, A with B and B
with B. Instead these entries had to be disregarded or linked by hand (depending
on the practicality of hand-coding).
Reported exercise was considered in three different ways; as categorical vari-
ables, randomly generated continuous variables and continuous variables taken
from the mid-point of each time category. The categorical reports given by
owners were described and weekday and weekend activity levels were compared.
The weekday and weekend times were aggregated and time categories were con-
verted to randomly generated continuous time variables for visualisation pur-
poses. Changes in exercise with age examined. Finally an aggregated weekday
and weekend total time spent on all activity was generated by using the mid-point
of the time categories. These total times spent were investigated with reference
to other reported information such as dog location, dog purpose etcetera.
Each time the owners were asked for exercise details, they were also asked
about exercise restrictions. Correlations between exercise restrictions categories
and dog age were examined then the time spent exercising was assessed with
reference to stated restrictions. Finally, a linear mixed models approach was
taken to investigate total daily time spent exercising whilst taking into account
the repeated measures. Both owner and pet IDs were included as random terms
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and a first order autocorrelation structure was fitted.
4.2.10 Sleeping Locations Cleaning & Analysis
Owners were asked to describe where their dog slept at night (question available
in Appendix 2, Section A2.3) and initial cleaning involved deleting duplicates
and removing entries that owners had changed themselves. At the inception of
Dogslife, owners were given the following options: alone in a room in a house; in
a room shared with a member of the family; outside and other. These options
were amended in November 2013 as described in Section 3.3.2.1 with the aim
of reducing the number of free-text answers. During the cleaning process, the
proportion of free-text answers were examined with reference to that change. All
free-text answers were then grouped according to the following categories:
– Alone
– With person - (In a room shared with a person and In a room shared with
a pet and a person)
– With other pet only
– Outside
Sleeping locations were tabulated and examined in the context of the age of
the dog and where they lived.
4.3 Results
4.3.1 Data Entries & Data Entry Windows
As mentioned in Section 2.3.2, 4,307 dogs were registered with Dogslife. The
numbers of times owners answered the questionnaire for their dogs was captured
by the number of data entries recorded in the database. Each time an owner began
the questionnaire, theoretically, a unique DEID would be generated associated
with the time and date when they began, which page of the questionnaire they
reached (for example: ‘page 1’, ‘page 2’... ‘complete’), and the time and date
they stopped entering information. By design, if an owner stopped entering data
before the end of the questionnaire, the website would take them directly back
to the page where they left off should they return within the same data entry
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window. The data entry windows were set differently according to the age of the
dog. For dogs under one year, owners were asked to return every thirty days and
would be considered to have answered within that window if they answered the
questionnaire from 30 to 51 days. The next window would then be set relative
to the timing of that data entry. For example if the questionnaire was answered
at 40 days of age, the next data entry would be due at 70 days. For dogs over
one year, the windows did not depend on the timing of the previous entry but
instead spanned a period of 21 days before, to 35 days after, specific ages. These
ages were at three month intervals after one year of age ie. 15 months, 18 months
etcetera. Theoretically, a count of ‘complete’ DEIDs would give the number
of completed questionnaires but there was an intermittent error such that an
owner might complete the questionnaire but still be recorded as reaching one of
the previous pages. This error meant that data entries were instead considered
complete if there was an answer in the database to the final compulsory question
in the questionnaire. The small number of data entries that were associated with
multiple questionnaire answers (as described in Section 4.2.9) were disregarded
in this calculation. There were 20,256 uniquely identified data entries within
the database associated with 3,709 dogs. This implies that owners of 598 dogs
registered with Dogslife but never answered the questionnaire. A further 460 dogs
had one incomplete data entry, leaving data relating to 3,249 dogs for analysis.
Only 17,896 entries of the 20,256 unique data entries fit into separate data entry
windows and the distribution of these data entries per dog is shown in Figure 4.3.
4.3.2 Time-At-Risk
Each dog with one or more complete data entries contributed to the overall
Dogslife risk set. The overall time at risk comprised 3,098 dog years and is
shown, broken down by age, in Figure 4.4. The evidence of the impact of recall
decay on illness and vaccination reporting in Section 3.6.4 and the long return
intervals described in Figure 2.6 indicated that the full 3,098 dog years should not
be considered in isolation because owners were likely to forget signs of potential
illness as time passed leading to an underestimation of incidence rates. Instead,
windows of risk for each dog in the period prior to a data entry should be used on
the premise that owners might better remember a a short period rather than a
period of up to three years. The impact of different time windows on the cohort
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Figure 4.3: Data Entries (Questionnaires Answered) Per Dog. Number of dogs
reported on a square root (sqrt) scale.
time at risk is shown in Figure 4.5.
The median time between veterinary visit and subsequent Dogslife data entry
for illnesses that went unreported during validation was 40 days and this was the
interval used to adjust the cohort time at risk. The adjusted time at risk was
1,733 dog years and a comparison of the time at risk (adjusted and unadjusted)
is shown in Figure 4.6.
4.3.3 Cohort Age Structure
The seasonality of pup births is demonstrated in Figure 4.7 which shows the
months of birth of the cohort. The distribution of dog ages at registration is
shown in Figure 4.8. The target age for recruitment was under six months and
it is noticeable that dogs were still being registered when well over this age.
4.3.4 Relatedness
Of the 4,307 Dogslife dogs, 14 were Guide Dogs about which Dogslife do not
have information regarding parentage. Nineteen of the 4,293 remaining dogs for
which pedigree information should have been available did not have a reported
sire KCID in the UKKC records. All nineteen dogs had sire names and they were
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Figure 4.5: Impact of different time windows on overall cohort time at risk
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Figure 4.7: Cohort dates of birth split by months
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Figure 4.8: Dog Age At Registration
associated with just six sires. These sires came from USA (one sire contributing 11
Dogslife dogs), Ireland (one sire contributing two Dogslife dogs and another sire
contributing one Dogslife dog), Finland (one sire contributing three Dogslife dogs)
and France (one sire contributing one Dogslife dog). The final sire contributed
one Dogslife dog and its origin could not be determined.
The degree of relatedness of the Dogslife cohort compared with 1,000 ran-
domly selected groups of 4,293 dogs chosen from all eligible dogs is compared in
Figures 4.9 and 4.10.
4.3.5 Dog Purpose
Owners were asked for the main purpose of their dog when they first began to fill
in the questionnaire rather than at registration (as described in Section 3.3.1.4;
question available in Appendix 2, Section A2.2). There were 35 different ‘other’
types of main dog purpose and after cleaning, the breakdown of different pur-
poses was as follows: households pets (68%; 2,941/4,307), working dogs (5.8%;
253/4,307), assistance dogs (0.77%; 33/4,307), multi-purpose (0.46%; 20/4,307),
show dogs (0.23%; 10/4,307), breeding dogs (0.046%; 2/4,307), other (0.56%;
24/4,307) and not reported (24%; 1,024). Show, breeding and multi-purpose
dogs all appeared more than once but the majority of Dogslife dogs were primar-
ily household pets. Many registered owners did not make a complete data entry
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Figure 4.9: Comparison of number of pups contributed by the dams of Dogslife
dogs and the dams of randomly selected UKKC dogs. The Dogslife cohort is
shown in red and the dams of 1,000 randomly selected cohorts of UKKC dogs
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Figure 4.10: Comparison of number of pups contributed by the sires of Dogslife
dogs and the sires of randomly selected UKKC dogs. The Dogslife cohort is
shown in red and the sires of 1,000 randomly selected cohorts of UKKC dogs are
shown in black.
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so it is unsurprising that data are missing regarding the purpose of over 1,000
dogs. There were multiple associations between reported dog purpose and house-
hold type (Table 4.1). Working dogs were under-represented in family households
and over-represented in households comprised of more than one adult. Assistance
dogs were more likely to be found in retired households.
4.3.6 Dog Coat Colour
There were initially 23 different coat colours reported to Dogslife. The majority
of these were variations on ‘fox red’ but also included ‘champagne’ and ‘white
chocolate’. Dogslife had access to the UKKC records of coat colours for the cohort
and these reported colours guided the cleaning process. For example, the ‘white
chocolate’ dog was ‘yellow’ according to the UKKC so it was considered ‘yellow’
in the cleaned coat colour data. The frequencies of cleaned colours are shown in
Table 4.2. The UKKC do not recognise Hailstone or Fox Red as legitimate coat
colours and there were further discrepancies between Dogslife reported colour and
UKKC registered colours. These might have been data entry errors or a mix-up
between puppies in litters. There were also isolated oddities such as the dog
shown in Figure 4.11 whose owner reported it to Dogslife as being ‘black and tan’
but who was registered with the UKKC as simply ‘black’. For ongoing analysis
purposes, where owners had reported ‘other’ or they failed to give a colour (‘not
given’), then the UKKC colour was used.
It is not strictly legitimate to directly compare the proportions of each coat
colour registered with Dogslife with those eligible to join the project because the
UKKC offered fewer coat colours options. Nevertheless, when all those that were
not recognised by the UKKC were grouped together, it appears that the rarer
coat colours such as chocolate and fox red were over-represented in the Dogslife
cohort (Figure 4.12).
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Table 4.1: Associations Between Dog Purpose & Household Type
Family More than Retired Single Not
one adult adult given
(%) (%) (%) (%) (%)
Household pet* 1288 1231 205 153 64*
(43.8) (41.9) (7.0) (5.2) (2.2)
Working dog* 84* 132* 21 9 7
(33.2) (52.2) (8.3) (3.6) (2.8)
Assistance dogF 8 11 10F 3 1
(24.2) (33.3) (30.3) (9.1) (3.0)
Multi-purposeF 7 9 2 2 0
(35) (45) (10) (10) (0)
Show dog 3 4 0 3 0
(30) (40) (0) (30) (0)
Breeding dog 1 1 0 0 0
(50) (50) (0) (0) (0)
OtherF 8 8 2 4 2
(33.3) (33.3) (8.3) (16.7) (8.3)
Not given* 515* 350* 47* 61 51*
(50.3) (34.1) (4.6) (6) (5)
Total 1914 1746 287 235 125
(44.4) (40.5) (6.7) (5.5) (2.9)
* χ2 test with Bonferroni correction indicates association, P <0.003̇
* Due to low numbers in many categories, only household pet, working dog and household not
given categories were assessed for associations.
F Fisher’s exact with Bonferroni correction indicates association, P <0.003̇
F Due to very low numbers, show and breeding dog categories were not considered.
Blue text indicates negative association and red indicates positive association.
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Table 4.2: Dog Coat Colours
Dogslife Number UKKC
Coat Colour (%) Registered Colour




Yellow 1167 1162 yellow
(27.1) 4 black
1 liver
Chocolate 898 873 chocolate
(20.8) 25 liver
Fox Red 96 95 yellow
(2.2) 1 not recognised by KC
Hailstone 1 1 black
Black & Tan 1 1 black
Other 14 0 black
(0.3) 13 yellow
1 chocolate
Not Givenb 9 5 black
3 yellow
1 chocolate
a GDBA have their own pedigree information and their dogs are not registered with the
UKKC.
b A free-text box is generated when an owner chooses ‘other’. This box may then be left blank.
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Figure 4.12: Proportion of each coat colour in the Dogslife cohort compared
with coat colours in UKKC registered LR
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Figure 4.13: Age of neutering split by sex
Median ages are shown using vertical lines for in blue for males and red for
females
4.3.7 Neutering
Neutering data were collected for 2,969 dogs and of these, 924 were reported
as being neutered. Twenty three neutering dates were in the future relative to
the date of reporting. Seven appeared to have the wrong year and these were
amended. Fifteen owners had given the month of data entry rather than the
month of neutering but in the absence of further information, these dates were
not amended. One owner had given a date that made no sense and attempts
were made to contact this owner for further information. Three owners had given
dates that were before their dog was born. These were all assumed to be out by
a year and were amended.
For males, the neutering rate was 28.1% (95% CI: 25.8 - 30.4%) increasing to
34.5% (95% CI: 32.0 - 37.0%) for females. The distribution of age of neutering is
shown in Figure 4.13. The median neutering age is 282 days for males and 297
days for females (ranges 35 - 1,349 and 33 - 1,077 days respectively).
There were 2,045 dogs who were not reported to have been neutered but there
is strong evidence of loss to follow up in these dogs. When owners reported that
their dog had been neutered, they were no longer asked about neutering. Despite
this, the 924 owners who reported neutering answered the neutering question
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Figure 4.14: The red density plot shows the age at last data entry for
un-neutered dogs. The blue density plot shows the age at neutering for neutered
dogs. Rather than using histograms which would be dominated by the more
numerous un-neutered dogs, density plots have been used to facilitate












Figure 4.15: Dates of birth of the neutered and entire dogs
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Figure 4.16: Cumulative neutering rates (with 95% CI) for cohort members that
have associated data entries after each given age
over six times on average, whereas those that did not report neutering answered
it just three times. Figure 4.14 compares the age of neutering for the neutered
dogs with the age of the most recent contribution to Dogslife for the dogs with
no reported neutering. The peak of this latter group lies firmly to the left of the
peak of neutering age. As Figure 4.15 demonstrates, the entire dogs included a
group that were slightly younger than the neutered dogs (born from spring 2013
onwards) but this group cannot entirely account for the difference between ages
in Figure 4.14. It is possible that many of the dogs that were not reported to
have been neutered were neutered after their most recent Dogslife entry. The
estimates of neutering rates given previously should therefore be regarded as
underestimates.
If only dogs that had associated data entries after six months, one year, eigh-
teen months, two years and three years were considered then the cumulative neu-
tering rates increase markedly (Figure 4.16). What remains unclear is whether
these higher neutering rates reflect the true rate in UK LRs or whether owners
who stay part of the project are more likely to neuter their dogs.
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4.3.8 Diet
The reported dietary information comprised over 18,500 rows of data. This in-
cluded multiple rows for entries regarding mixed diets. Consolidation of these
mixed diets into single rows left over 16,200 entries and after these were amended
to account for owner corrections, approximately 15,200 unique entries remained.
Some 753 rows related to ‘other’ type diets which could be split into 290 rows of
diet that included raw meat or eggs and 463 rows of ‘other’.
There were 2,222 unique brands of commercial food but this included multiple
different spellings and a small number of mistakes whereby people had entered
quantities in the wrong box.
Diet data were reported for 3,097 dogs, of which 806 dogs appeared only once.
The frequencies of the different types are shown in Table 4.3. If the dogs that
only appeared once are disregarded then 2,291 dogs remain and it is possible to
assess whether their diets changed. The majority (1,642) did not have varying
diet types, 1,503 of them eating a consistent diet of dried food. The reported
dietary quantities are plotted in Figure 4.17 and the plot where all non-dried
content was divided by 3.84 is Figure 4.18.








The majority of reports involved dogs being fed twice per day, in the morning
and evening but at younger ages dogs were fed more often (Figure 4.19).
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Figure 4.17: Food Weights By Age
* The wet, mixed, raw, home prepared and other foods all have a higher
moisture content than dried alone.
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Figure 4.18: Food Weights By Age
* The wet, mixed, raw, home prepared and other foods all had their non-dried
food content divided by 3.84.
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Figure 4.19: Proportion of diet reports for each age group that fall into each
frequency group
4.3.9 Dog Heights
There were 15,764 height measurements relating to 3,202 dogs and they are shown,
plotted against the ages of the dogs in Figure 4.20. Step 1 of the cleaning process
reduced this number to 12,600 heights that are shown in Figure 4.21. Step 2
involved amending 10 heights and Step 3 removed a further 61 entries, leaving
12,539 measurements (Figure 4.22).
The Bayesian estimating procedure amended 470 heights; 455 were deemed
2.54 times too low and 15 were deemed too high. Figure 4.23 shows the merging
of what had previously been two growth curves. Finally, Step 5 involved the
amendment of heights of greater than or equal to 75 cm. Ten appeared to be the
result of mis-typing and were amended; 37 were divided by 2.54 and 60 heights
were deleted leaving 12,479. The final cleaner data are shown in Figure 4.24.
The model checking plots are shown in Appendix 4. Parameter pi[3] is the
proportion of height measurements that were 2.54 times too high. This value
was so small, its value was not definitively positive according to the model and
it therefore could not be included in the Gelman Plots.
The dog heights are shown split according to sex in Figure 4.25 with the
parameters of the modelled growth curves (Equations 4.3) detailed in Table 4.4.
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Figure 4.20: Heights By Dog Age (Uncleaned)
Figure 4.21: Heights By Dog Age (Cleaned Step 1)
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Figure 4.22: Heights By Dog Age (Cleaned Step 3)
Figure 4.23: Heights By Dog Age (Cleaned Step 4)
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Figure 4.24: Heights By Dog Age (Final Cleaner Data)
Table 4.4: Dog height growth model parameters
Variable Female (95% CI:) Male (95% CI:)
A 55.1 (54.9 - 55.4) cm 59.0 (58.7 - 59.2) cm
B 0.0132 (0.0128 - 0.0137) 0.0126 (0.0122 - 0.0131)
C 7.03 (4.43 - 9.63) days 9.37 (6.77 - 11.9) days
τ 4.67 (4.59 - 4.76) cm 5.01 (4.92 - 5.10) cm
height = N(µ, τ) 4.3a
µi = A(1− e(−B(agei−C))) 4.3b
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Figure 4.25: Modelled dog heights with dashed 95% credible intervals for
parameter A. The solid bands of colour in the expanded right-hand figure show
the UKKC breed standard for each sex.
4.3.10 Dog Weights
There were 19,654 weights reported for 3,196 dogs. These data are shown in
Figure 4.26 plotted against dog age. It was immediately apparent that tonne-
range weights were errors whereby owners likely made a measurement in grams
but reported in kg. Step 1 of the cleaning process removed one of the tonne-range
weights and reduced the overall number of weights to 16,065. Step 2 dealt with
a further three measurements over 1000 kg and 16 measurements over 100 kg.
Twelve of those over 100 kg were simply divided by 10 but measurements of 128
and 128.5 became 28 and 28.5 respectively. A measurement of 555 became 5.5
and a measurement of 124.74 could not be reconciled with the rest of that dog’s
record and was deleted. These partially cleaned data are again plotted against
age in Figure 4.27.
Step 3 of the cleaning process identified 43 weights below 17 kg when the dog
was aged over 300 days. One dog’s entire record (three weights) was deleted and
another five dogs had single ‘nonsense’ entries deleted. Three easily-identifiable
typographical errors were corrected. The remaining 27 dogs were examined as
potentially subject to lb-kg units errors. Eight were assumed to be light-weight
dogs and 19 dogs had low weights multiplied by the conversion factor as described
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Figure 4.26: Weights By Dog Age (Unclean)
Figure 4.27: Weights By Dog Age (Cleaned Step 2)
116
4. Lifestyle & Morphology
in Section 4.2.5. A further 11 weights were below 12 kg when the dog was aged
over 200 days. Six dogs had weights multiplied by the conversion factor. One dog
had a weight deleted and three dogs were assumed to be light-weight. Finally,
19 weights were below 5 kg when the dog was aged over 100 days. Six weights
and one whole record were deleted, six weights were amended due to assumed
typographical errors and five weights were multiplied by the conversion factor.
Two measurements were consistent with the rest of the weight record for those
respective dogs and were left. The latest stage of cleaning is shown in Figure 4.28.
The final step of cleaning the dog weights involved examination of relatively
high weights (Step 4). Some 31 weights over 50 kg were identified associated
with 19 dogs. Three weights were deleted (one was the dog’s height). Five typo-
graphical errors were amended and weights were divided by the conversion factor
for seven dogs. The weights for three of the dogs had been steadily increasing
with time and these were not amended. The tidy weights (16,043) are shown in
Figure 4.29 and these were used in all future analyses.
Cleaned dog weights at all ages are shown split according to sex in Figure 4.30
and according to coat colour in Figure 4.31. The results of the univariable analysis
seeking associations between unchanging factors and the weights of dogs over one
year are shown in Table 4.5.
Table 4.5: Univariable analyses of associations between non-changing factors
and the weights of dogs (kg) aged over one year
Variable Coefficient 95% CI: P value
lower upper
Mature Height (cm) 0.412 0.36 0.47 <0.0001
Sex
female - - - -
male 4.79 4.4 5.2 <0.0001
Coat colour
black - - - -
chocolate 1.64 0.99 2.3 <0.0001
yellow 0.119 −0.48 0.72 0.70
fox red −0.888 −2.6 0.84 0.32
Continued on next page
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Table 4.5: Univariable associations (continued)
Variable Coefficient 95% CI: P value
lower upper
Smoking status
no - - - -
yes 1.55 0.82 2.3 <0.0001
Dog Purpose†
pet - - - -
working −2.94 −3.9 −2.0 <0.0001
other 1.66 −0.20 3.5 0.087
Household type
family - - - -
more than one adult 0.726 0.14 1.3 0.016
retired −0.579 −1.5 0.32 0.20
single adult 0.822 −0.30 1.9 0.15
not reported −0.906 −2.8 1.0 0.36
Other Dog
no - - - -
yes -1.43 -0.90 -1.97 <0.0001
Country‡
England - - - -
Wales 1.73 0.229 3.24 0.024
Scotland −0.272 −0.975 0.432 0.45
Northern Ireland −0.660 −2.74 1.42 0.53
†Assistance dogs were dropped from this analysis as they typically leave the Dogslife
project at one year of age. All non-pets and non-working dogs were grouped as ‘other’.
‡There were too few dogs from Jersey, Guernsey and the Isle of Mann to be included here.
In light of the finding that chocolate dogs were heavier than their non-chocolate
counterparts, DNA testing was undertaken by Ailsa Carlisle and Edinburgh Ge-
nomics to determine whether heavier yellow dogs might carry the chocolate mu-
tation. Of the 25 dogs chosen, the DNA was only of sufficient quality to test 21
(10 light, 11 heavy) and of these, none were homozygous for any of the chocolate
alleles. Three of the heavier dogs were heterozygous at exon 4 but all other dogs
were homozygous black (Figure 4.1, genotype eeBB).
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Figure 4.28: Weights By Dog Age (Cleaned Step 3)
Figure 4.29: Weights By Dog Age (Cleaned Step 4)
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Figure 4.30: Dog Weights By Age & Sex
Coloured lines are locally weighted best fit smoothing lines for each sex
Figure 4.31: Dog Weights By Age & Coat Colour
Coloured lines are locally weighted best fit smoothing lines for each coat colour
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Associations between dog weight and factors that changed with time such as
dog age, exercise regime and diet were also considered in univariable analyses and
the results are shown in Table 4.6.
Table 4.6: Univariable analyses of associations between changing factors and the
weights of dogs (kg) aged over one year
Variable Coefficient 95% CI: P value
lower upper
Age (years) 0.798 0.70 0.90 <0.0001
Neuter Status†
entire - - - -
neutered 8.82 8.53 9.11 <0.0001
Food Weight 1.81×10−4 -4.53×10−4 8.14×10−4 0.58
Titbits
no - - - -
yes 0.0866 −0.067 0.24 0.27
Food Type
dried - - - -
other 0.439 0.097 0.780 0.012
wet −0.144 −0.923 0.635 0.717
mixed 0.124 −0.150 0.397 0.375
Exercise
restrictions
unrestricted - - - -
recommended
by breeder −0.346 −0.607 −0.0858 9.23×10−3
owner’s health 0.745 0.283 1.21 1.61×10−3
location 0.901 0.119 1.68 0.0240
owner’s time −0.138 −0.403 0.126 0.305
dog’s health −0.108 −0.490 0.274 0.580
Total daily
exercise time
(minutes) −9.98×10−4 −1.97×10−3 −9.82×10−5 0.0298
Continued on next page
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Table 4.6: Univariable associations (continued)





other −2.59×10−3 −4.44×10−3 −7.25×10−4 6.48×10−3
lead walking 3.95×10−3 1.08×10−3 6.82×10−3 7.02×10−3
fetching, chasing
& retrieving −3.18×10−3 −6.01×10−3 −3.42×10−4 0.0281
off lead −1.44×10−3 −3.38×10−3 5.03×10−4 0.147
obedience work −3.49×10−3 −8.23×10−3 1.31×10−3 0.154
lead running −2.02×10−3 −9.56×10−3 5.52×10−3 0.600
†As mentioned in Section 4.3.7, neuter status is very strongly correlated with age so the
coefficients here should be treated with caution.
‡Using the midpoint of each time category as continuous data.
The results of a linear mixed model which combines these factors are shown in
Table 4.7. The interaction terms were excluded because they did not improve the
model. Fetching, chasing and retrieving and ‘other’ exercise were both associated
with dog weight but the total time spent exercising was not. Working dogs, a
group that typically spent more time exercising than pets, were more than 2 kg
lighter than pets. The mean weight of a two-year-old Dogslife LR was 26.8 kg
for females and 31.6 kg for males. Both measurements fit within the suggested
weight range reported for adults of the breed of 25-34 kg (Alderton and Morgan
[1993]).
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Table 4.7: Results of linear mixed model of weights of dogs (kg) aged over one
year
Variable Coefficient 95% CI: P value
lower upper
Intercept 18.40 16.80 19.90 <0.0001
Age (years) 0.890 0.762 1.02 <0.0001
Neuter Status
Entire
Neutered -0.120 -0.366 0.126 0.339
Height2 (cm) 2.24×10−3 1.76×10−3 2.72×10−3 <0.0001
Coat Colour
Black
Chocolate 1.39 0.775 2.00 1.50×10−4
Fox red -0.843 -2.46 0.773 0.316
Yellow 0.189 -0.347 0.725 0.495
Sex
Female
Male 3.65 3.15 4.16 <0.0001
Dog Purpose
Pet
Working dog -2.13 -3.01 -1.25 <0.0001
Other† 2.49 0.745 4.24 9.60×10−3
Smoking Status
Non-smoker
Smoker 1.09 0.412 1.77 1.72×10−3
Not reported -1.40 -3.49 0.688 0.189
Other Pets
No dog
Dog -0.477 -0.986 3.03×10−2 0.07
Continued on next page
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Table 4.7: Linear mixed weight model (continued)





& retrieving -0.218 -0.354 −8.2×10−2 1.66×10−3




Location 0.947 0.326 1.57 2.82×10−3
Owner time -0.194 -0.411 2.38×10−2 8.11×10−2
Recommended
by breeder 3.65×10−2 -0.179 0.252 0.740
Owner ability 0.250 -0.133 0.632 0.201
Dog problem −2.28 -0.341 0.296 0.888
Daily food
quantity (g) 5.73×10−4 9.89×10−5 1.05×10−3 1.79×10−2
†Other dog purpose included show, breeding, multi-purpose and all ‘other’ dogs.
Assistance dogs were excluded because they typically left the project at one year.
124
4. Lifestyle & Morphology
4.3.11 Exercise
There were 134,076 lines of exercise information which became 112,060 lines when
duplicates were removed. The number dropped further to 97,638 lines when po-
tential owner corrections were taken into account. These 97,638 lines should
have been associated with 16,273 data entries or completed questionnaires but
a database oddity meant that there were 45 DEIDs that had too much infor-
mation. These DEIDs were associated with more than one set of questionnaire
answers. Unique DEIDs did not apparently correspond to uniquely answered
questionnaires. Half of the exercise information associated with 33 of the 45 were
deleted because they were duplicated elsewhere. The remaining 12 were retained
in complete form but not automatically linked to other information via the DEID.
Instead, any such links had to be made by hand.
Each of the 16,000+ different exercise entries, described six different activities
at two different time points; weekdays and weekends. As Figure 4.32 demon-
strates, there was little difference between weekday and weekend activity levels.
If time spent on an activity changed then typically it increased at weekends. Of
97,440 activity reports, 3,963 involved spending less time on that activity at the
weekend, 13,771 reports were of more time spent at the weekend and the remain-
der were unchanged. Only 47.5% (95% CI: 46.7 - 48.3%) of complete exercise
regimes did not change at all between the weekday and weekend. An aggregated
categorical measure of weekday and weekend activity was created using weighting
(as described in Section 4.2.9) and only 4.7% (95% CI: 4.6 - 4.9%) of times spent
were different from the weekday report.
The individual points in Figure 4.33 were randomly generated to create contin-
uous data that fit within the given time categories for all entries. The distributions
of times spent were strongly right-skewed for all of the exercise types as shown by
the higher density of points lower down the plot. The figure also demonstrates
the relative popularity, in terms of time spent, of each of the exercise types across
the cohort.
The aggregated exercise levels were split according to the age of the dog at the
time of reporting and box-plotted in Figure 4.34. Time spent on two categories,
‘off lead’ and ‘fetching, chasing or retrieving’, appears to increase as the dogs age
but the remaining categories look relatively stable.
The total time spent exercising according to each questionnaire answer was
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Figure 4.32: Average daily time spent on exercise activities
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Figure 4.33: Daily time spent on exercise activities
generated using the mid-point of each time category for each exercise type. The
distribution of these times was strongly right skewed with mean 157.5 minutes,
median 128.7 minutes and range 0 - 18 hours daily (Figure 4.35). The maximum
seems rather extreme and was likely either a mistake in data entry or an artefact
of assuming that the mid-point of the ‘over 2 hours’ time category was three
hours.
The total times spent exercising were square root transformed to approx-
imately normalise the distribution (Figure 4.36) and correlations were sought
with other reported data. Figure 4.37 shows the monthly means of the square
root of the time spent exercising each month with 95% confidence bars. The
values have been re-squared for ease of interpretation. There appears to be some
seasonal variation and if the months are grouped into seasons then it becomes
apparent that there is a drop in time spent exercising in autumn (September, Oc-
tober, November), particularly when compared with spring (March, April, May)
(Figure 4.38).
Given the seasonality of births (Figure 4.7) and the association between age
and total daily time spent exercising (Figure 4.34), it was also important to assess
whether the apparent seasonal variation in time spent exercising was due to the
changing age profile of the cohort. The plots were repeated using exercise entries
made after the dogs became one year of age (Figure 4.39) and the seasonal pattern
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Figure 4.35: Cohort’s daily times spent exercising
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Figure 4.37: Cohort’s daily time spent exercising (square root transformed then
re-squared) each month. Group mean with 95% confidence bars
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Figure 4.38: Seasonal variation in the cohort’s daily time spent exercising
(square root transformed then re-squared). Group mean with 95% confidence
bars
changed. Winter became the season with the least time spent exercising, though
there was considerable overlap between CIs. One might imagine that if variations
in exercise amounts were influenced by temperature, or climate more generally,
then there would be an interaction between season and location. For example
dogs in Scotland, where it is colder and darker than the rest of the UK in the
winter months, might be exercised less but there was no apparent interaction
between season and country (data not shown).
Independently of season, there were variations in time spent exercising for the
different islands and countries where the cohort were located. Figure 4.40 shows
averages for each country with 95% confidence bars. The regions that contribute
a smaller number of dogs have very large CIs but it is still possible to say that
dogs on both Jersey and Guernsey spent less time exercising than the dogs in
the other locations. For the larger contributors, Welsh dogs were exercised more
than Scottish, and English dogs were exercised less than those in Wales, Scotland
or NI.
Figure 4.41 shows the average of the squared root of daily time spent exercising
for the different types of dog purposes. Again there is overlap between some 95%
CIs but the working dogs spent more time exercising than the pets. This was also
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Figure 4.39: Seasonal variation in the cohort’s daily time spent exercising
(square root transformed then re-squared). Dogs aged one year and over. Group































































Figure 4.40: Variation in the cohort’s daily time spent exercising (square root
transformed then re-squared) by location. Group mean with 95% confidence
bars
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Figure 4.41: Variation in the cohort’s daily time spent exercising (square root
transformed then re-squared) according to their different purposes. Group mean
with 95% confidence bars
reflected in the medians of the original un-transformed times; the median time
exercising for working dogs was 138 minutes compared to 128.5 minutes for pets.
Figure 4.42 shows that owner perceptions of restrictions on their dogs’ activity
levels were reflected in different amounts of time spent exercising. Dogs with
unrestricted exercise spent a median of 148 minutes exercising each day which
was 14 minutes more than the next group which was restricted due to the location
of the household. Dogs with problems that limited their exercise spent just a
median of 65 minutes and mean of 89.5 minutes exercising each day. The group
of dogs whose owners described their exercise as limited because “recommended
by breeder or from their own experience” were also younger on average (mean
= 257.0 days, 95% CI: 250.7 - 263.2 days) than the rest of the cohort (mean =
403.7 days, 95% CI: 398.3 - 409.1 days). Figure 4.34 demonstrated a relationship
between age and time spent on particular exercise types and it is possible that the
relatively low time spent exercising for this group was due to owner restrictions
based on dog age.
Figure 4.43 shows that dogs in families were exercised for the lowest mean
time each day and dogs in households whose owners did not report a household
type were exercised for the longest mean time daily.
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Figure 4.42: Variation in the cohort’s daily times spent exercising (square root
transformed then re-squared) depending on reasons for exercise restriction.

























































Figure 4.43: Variation in the cohort’s daily time spent exercising (square root
transformed then re-squared) depending on household type. Group mean with
95% confidence bars
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The results of the linear mixed model of all of these factors are shown in
Table 4.8. Dogs whose exercise was restricted according to the breeder’s recom-
mendations or according to the owner’s experience did spend less time exercising
than those that were unrestricted, irrespective of the effect of dog age. Dog sex
was examined but was there was no obvious different in exercise levels between
male and female dogs.
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Table 4.8: Linear mixed model of factors associated with total daily time spent
exercising
Coefficient Std.Error t value P value
Intercept 118.23 5.92 19.98 <0.0001
Age (months) 1.42 0.08 18.89 <0.0001
Season
Spring 0 - - -
Summer -3.49 1.67 -2.09 0.04
Autumn -5.65 1.64 -3.45 <0.0001
Winter -4.95 1.66 -2.98 <0.0001
Dog Purpose
Pet 0 - - -
Working dog 15.42 6.04 2.55 0.01
Breed, show or multi-purpose 32.82 14.74 2.23 0.03
Assistance dog 15.87 15.96 0.99 0.32
Other -26.78 19.58 -1.37 0.17
Location
England 0 - - -
Wales 30.09 8.88 3.39 <0.0001
Scotland 11.42 4.59 2.48 0.01
Northern Ireland 15.83 13.53 1.17 0.24
Isle of Mann 31.92 32.29 0.99 0.32
Jersey -18.35 54.99 -0.33 0.74
Guernsey -57.40 93.40 -0.61 0.54
Not given -0.40 22.26 -0.02 0.99
Household Type
Family 0 - - -
More than one adult 12.71 3.52 3.61 <0.0001
Single adult 20.58 7.49 2.75 0.01
Retired -4.98 6.33 -0.79 0.43
Not given 32.29 18.48 1.75 0.08
Exercise Restrictions
Unrestricted 0 - - -
Recommended by breeder -32.14 1.81 -17.75 <0.0001
Time -12.83 2.57 -4.98 <0.0001
Owner ability -20.40 4.97 -4.10 <0.0001
Dog problem -81.91 3.78 -21.69 <0.0001
Location -18.45 8.50 -2.17 0.03
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4.3.12 Sleeping Locations
There were 18,133 lines of data relating to sleeping location. Removal of dupli-
cates and entries that owners themselves amended reduced this number to 16,461.
These data comprised 1,063 locations which needed to be grouped. Grouping the
answers according to whether they were given before (57.8%) or after (42.2%)
the change in questionnaire options allowed for assessment of whether the new
options reduced the number of free-text answers. Prior to the change, 18.7%
of the answers were given using the free-text option and there were 945 unique
answers. After the additional options were offered, just 3.2% of answers were
given using the free-text option comprising 155 unique answers. The proportion
of free-text answers was significantly reduced (χ2 = 899, 1 df, P <2.2×10−16). As
expected following the validation work (Section 3.3.2.1), the majority of the early
free-text answers referred to sleeping with other dogs. Later free-text answers
were reduced to those that related to dogs that slept in cages or crates; those
that did not sleep in rooms in the house but instead conservatories, hallways,
garages, dog rooms etcetera and those whose sleeping routine varied. All answers
were fitted into the most appropriate of the revised categories. Those that spent
any time sleeping with a person were grouped into the ‘with person’ category and
those that spent any time outside were grouped into the ‘outside’ category.
The frequencies of reported sleeping locations are shown in Table 4.9. As one
might expect from the results of the validation (Section 3.3.2.1), the proportions
of reports that described dogs as sleeping alone and with another pet shifted
after the question answer options were changed; people no longer had to describe
sleeping with another pet in a free-text box.
If the subset of answers given after the change of question is examined, there is
a trend that as the dogs aged, the proportion of reports of dogs sleeping alone re-
duced and in turn, more dogs were reported to sleep with other pets (Figure 4.44).
What is not clear from this figure is whether the trend is due to changing owner
behaviour as individual dogs age or whether it is due to a different demographic
in the owners who stay in the project. As Table 2.5 illustrated, households that
included other dogs were more likely to be retained in this project which could
contribute to the shift in answers.
If only those dogs that contributed more than one data entry on sleeping
location are considered, (1,481 dogs after the question change), then 1,129 (76.2%)
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Table 4.9: Reported sleeping locations split according to the change in question
answer options
Before After Combined
Question Change Question Change
Location (%) (%) (%)
Alone 5604 3498
58.9 50.4 55.3




With pet 1490 1665
15.7 24.0 19.2
* Includes dogs that sleep with pet and person
were not reported to change their sleeping location. The remaining 262 all shifted
between categories but not in a fashion that might be expected from Figure 4.44.
Indeed more moved from sharing with another pet to being alone (57 dogs) than
vice versa (40 dogs) but this is not significant at a 5% level (χ2 = 3, 1df, P =
0.08). The shift in location with age group therefore seems more likely due to
bias rather than a true effect.
The total number of dogs reported to sleep outside at least once was 166 and
there was some seasonal variation in reporting this location. There were yearly
peaks in August in 2011 and 2012, then July in 2013. These dogs were also not
split proportionally between the different countries. A relatively high proportion
of the dogs that slept outside were from NI, 6.0% (95% CI: 2.9 - 10.8), considering
that just 1.5% (95% CI: 1.1 - 1.9%) of the cohort who gave sleeping location data
were from NI.
There was a clear association between dog purpose and sleeping location and
this was independent of country (country and dog purpose were not correlated).
For example, 5.1% (95% CI: 4.4 - 5.9%) of dogs that had sleeping location data
were reported to have slept outside at least once but this jumped to 93.2% (95%
CI: 88.1 - 96.5%) for working dogs; an odds ratio of 163 (Fisher’s test, P <
2.2e-16). No assistance dogs were reported to have slept outside.
Dogs that had been reported to sleep alone at least once were also dispro-
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Figure 4.44: Proportion of reports, per age group, for each sleeping location
∗ With person includes with pet and person
portionately split between dogs with different purposes; 36.0% (95% CI: 30.1 -
42.2%) of working dogs were reported to sleep alone at least once compared to
67.0% (95% CI: 65.4 - 68.6%) for the cohort as a whole.
4.4 Discussion
Engaging thousands of dog owners in the Dogslife project has generated a wealth
of data that begin to address knowledge gaps regarding UK LR morphology and
lifestyle. Selection bias was addressed in Section 2.4 but retention bias remains
a potential issue. Table 2.5 indicated that families were more likely to be lost
to the project and it is possible that time constraints were a contributing factor
because families were also the group who spent the least total time exercising
their dogs.
Of the data reported in this chapter, sleeping locations and the proportions
neutered were the measures that appeared to be adversely affected by retention
bias. For dogs whose owners ever answered the neutering question, just 28.1%
of dogs were apparently neutered however this includes many dogs whose own-
ers were effectively lost to the project before their dogs were old enough to be
neutered. One would expect the prevalence of neutered dogs in the cohort to
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increase with age, as shown in Figure 4.16, but the prevalence of neutering in
Dogslife dogs over three years of age had reached 0.67 for females and 0.55 for
males. These values are considerably higher than 0.41 which was reported in
recent work using the veterinary records of 148,741 dogs in the UK (O’Neill et al.
[2014b]). This may reflect the differences between Dogslife’s population of UKKC
registered pedigree dogs and the more mixed group examined by O’Neill et al.
but may also indicate that owners who neuter their dogs were more likely to
remain in the Dogslife study.
In terms of lifestyle factors, there was considerable homogeneity in the cohort.
The majority ate dried food and slept alone. Individual dogs typically did not
change diet type but the number of meals per day decreased as the dogs aged.
The sleeping location reports highlighted a potential cultural difference between
NI and the rest of the UK, with a higher proportion of dogs in NI sleeping outside
at least once. NI had a similar mean temperature to both England and Wales in
2013 but had fewer hours of sunshine and more rain (Met Office [2014]) so this
was unlikely to be associated with better climatic conditions. The association was
found irrespective of dog purpose. From a human perspective, it was interesting
that over 20% of reports involved the dog sleeping in the same room as a person.
Sensitisation to inhaled dog allergens is one of the major risk factors for asthma
Custovic and Simpson [2012] so this may have implications for the health of the
owners.
Multiple factors were associated with the total daily time spent exercising.
The exercise times of breeding, showing and multi-purpose dogs, and those lo-
cated in Jersey, Guernsey and the Isle of Mann were based on too few dogs to
draw sensible conclusions. Of the four largest regional contributors to the cohort,
dogs in England spent less time exercising than dogs in Wales, NI or Scotland.
Unsurprisingly, working dogs spent more time exercising than pets, and dogs
whose owners reported that their exercise was restricted spent less time exercis-
ing than those whose exercise was unrestricted. The clearest difference was for
dogs that had a problem, but owners that followed breeder recommendations also
spent less time exercising their dogs. This latter type of exercise restriction was
associated with younger dogs; younger dogs specifically spent less time ‘off lead’
and ‘fetching, chasing and retrieving’. It could be hypothesised that the dogs
were still learning to return to their owners when unrestricted or that breeders
advised limiting exercise while the dogs were young because of perceived delete-
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rious effects on musculoskeletal health. Such perceptions can be exemplified by
advice from the UKKC (The Kennel Club [2014]).
4.4.1 Dog Weights
Nearly 30 years ago, LR were identified as the most likely breed to be overweight
in the UK vet visiting dog population (Edney and Smith [1986]) and it is of
concern that the average weight of the cohort increased, linearly, at 0.89 kg per
year between one and four years of age. Whilst it is not possible to extrapolate
beyond the age range of the data, if this observed increase continues, an expanding
proportion of the cohort will become subject to the health consequences of obesity.
For example, it has been demonstrated in Elkhounds that there is an association
between dogs that were overweight throughout their lives and diabetes mellitus
(Wejdmark et al. [2011]) and in LR, an association between higher body weight
and increased prevalence and severity of hip dysplasia (Smith et al. [2006]).
The weight model included some surprising results such as chocolate coloured
LR being, on average, 1.39 kg heavier than their yellow and black counterparts.
Unfortunately there were no yellow dogs homozygous or compound heterozygous
for the chocolate alleles at TYRP1 so it was no possible to ascertain whether
this genetic region was contributing to the weight phenotype. Also neutering
apparently had no association with weight but a closer look revealed a picture
that changed with age. Only after the dogs reached three years of age did the
weights of neutered dogs become greater than that of entire dogs and there were
not enough dogs of this age to affect the model parameters.
4.4.2 Dog Heights
In 2008, Sutter et al. collected measurements for 1,155 dogs including 14 LR
and assessed the percentage of those measured that met the American Kennel
Club (AKC) breed standards (American Kennel Club [2014]). It was concluded
that the AKC breed standards were a good proxy for height at the shoulder.
There is greater allowance for variation in the AKC standard for LR (5.08 cm for
each sex in the USA compared to 1 cm for each sex in the UK) but there was
also potential for bias in their study. The majority of their sample comprised
dogs that had been entered in conformational competitions whereas few of the
Dogslife cohort were show dogs. The issue of incorrect measurement or reporting
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must be considered with all Dogslife data (the height unit error being an obvious
example) but visits to a sample of the cohort found no systematic bias to owner
height measurements (Section 3.3.4). Therefore whilst individual measurements
might be treated with caution, the model parameters should be a good guide to
the heights of the population.
Breed standard heights have been used as group phenotypes in studies as
proxies for dog size. It is undoubtedly convenient and minimises the time and
expense of data collection from individual dogs. However, the Dogslife results
suggest two things: firstly that the breed standard is not necessarily the average
height for a breed and secondly, that even if it does represent the average, the
variability of morphologies might mean that this average poorly reflects many
individuals. Under these circumstances, using the breed standard may not be ap-
propriate and might limit the ability of investigators to find true effects. Studies,
such as that by Frischknecht et al. [2013], that use individual dog measurements
to characterise a phenotype, should have more scope to identify complex patterns.
In this instance, it was possible to find potentially causative mutations associated
with dwarfism in LR.
4.5 Conclusion
The morphological detail and lifestyle information collected by the Dogslife project
offer a unique insight into the lives of pedigree LRs in the UK. These findings
set a baseline for further analysis of the relationship between dog morphology,
lifestyle and health. It is hoped that Dogslife will contribute to an evidence-based






Traditionally, canine health data are collected at primary and secondary veteri-
nary facilities. Case notes are kept as part of providing care and it is parsimonious
to make use of them for epidemiological studies. However, as discussed in Sec-
tion 1.1, data collected at both primary and secondary veterinary centres are
subject to known biases and, by definition, exclude signs of potential illness that
do not precipitate veterinary visits. Unusually, Dogslife collect data directly from
owners and this facilitates the collection of details of problems unreported else-
where. The illness-related section of the questionnaire (Appendix 2, Section A2.7)
starts by asking the owner whether their dog has had any of a list of problems
and, only if they answer ‘Yes’, does the questionnaire go on to ask whether they
visited the vet. This distinctive approach offers a greater depth of health informa-
tion that may be used to investigate disease aetiology. There is the potential that
signs which do not precipitate veterinary visits may nevertheless be identified as
risk factors for subsequent poor health.
This chapter details the Dogslife illness data collected between 1st July 2010
and 31st December 2013. It enumerates all illness reports and provides an owner’s
perspective of the disease burden suffered by young, pedigree LRs. The twenty
most frequently reported signs are examined in terms of illness rates at different
ages, demonstrating how the disease burden changes as the dogs age.
Dogslife have a wealth of data regarding the health of LRs and the database
is a unique resource regarding illnesses that would not be recorded in traditional
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epidemiological studies. These reports were dominated by high numbers of gas-
trointestinal signs. The potential for in-depth analysis of signs which typically
were not associated with veterinary presentation is demonstrated by a detailed
analysis of the risk factors associated with vomiting and diarrhoea.
5.2 Methods
The data were examined, cleaned, tabulated and graphed using R (R Core Team
[2013]). Specific packages used are given in italics. Data cleaning procedures
were described in Section 2.3.1.
5.2.1 Illness Coding
Illness reports had different levels of detail. Owners were asked different ques-
tions according to whether they visited the vet and whether they took a Dogslife
Health Report (DHR) for their vet to complete. Due to changes in the ques-
tionnaire following validation, the timing of the report also affected the extent of
information collected. The potential information available may be summarised
as follows:
– No veterinary visit pre February 2013: Type of problem only.
– No veterinary visit post February 2013: Type of problem and owner diag-
nosis.
– Veterinary visit but no DHR: Type of problem and veterinary diagnosis
(owner recollection).
– Veterinary visit and DHR: Presenting sign(s) and diagnosis (completed by
veterinarian, copied into Dogslife by owner).
A veterinarian member of the Dogslife team (DNC) reviewed each potential
illness and coded them with presenting sign(s) and diagnoses using the VeNom
coding system (http://www.venomcoding.org). Diagnosis codes included ‘Diagno-
sis not made’ to account for the many instances when information was unavailable
or insufficient. The coding was undertaken every 2-4 weeks and took 2-3 hours
with approximately 50-60 illnesses coded per hour. When necessary, and where
contact was possible, ambiguities were resolved by asking the owner for clarifi-
cation. By coding relatively contemporaneously, if clarifications were required,
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the owner could be contacted relatively quickly following an ambiguous question-
naire answer. The illnesses in this chapter are described based on presenting sign
codes rather than diagnoses because they are the most comprehensive summary
measure of owners’ reports.
5.2.2 Missing Illness Dates
In addition to basic information about the type of problem the dog was suffering
from, the online questionnaire facilitated the collection of more data about when
the problem occurred and how long it lasted. However, all questions presented to
the owner after they ticked ‘Yes’ with regard to a specific sign of potential illness
were optional and many entries had missing data.
In the case of missing illness dates, entries were individually viewed to deter-
mine whether free-text inputted by the owner might include a mention of dates.
If omissions remained with regard to when the sign started, and if the owner had
entered an end date for the sign, this was used as a start date. If the entry had
neither a start nor an end date but had a veterinary visit date, this was used as a
start date. The remaining entries that had no start date were flagged and given
a start date of the date of reporting.
5.2.3 Date Cleaning
There was no automatic logic check regarding dates that owners might enter. For
example, the website did not flag an error for the owner if they entered a start
date for an illness if the date was before the dog was born. Such checks therefore
had to be undertaken prior to analysis. The checking process was based on the
premise that dates would be changed if there was a single, obvious alternative to
an inconsistent date. Guiding this process for illness entries was a dog’s date of
birth, the entered start, end and veterinary visit dates for a presenting sign, and
the date the owner reported the information. There was an element of subjectivity





One unfortunate artefact of the illness data collection process was the generation
of duplicates. An owner could describe one vomiting instance and it might be
found in the Dogslife database multiple times, each with a unique (Illness identi-
fier (IID)). Accounting for or removing these duplicates was complicated by the
fact that one (or more) of the different IID might be associated with more de-
tailed information regarding veterinary treatment. In raw data terms, there were
7,096 unique IIDs in the Dogslife database on 1st January 2014 but this equated
to fewer reported signs because a number of those IIDs were artificially created
duplicates. The 7,096 entries comprised 7,359 rows of data because, for example,
a free text entry of “gummy ears and eyes” would be coded with two separate
presenting signs for the eye and ear signs. Once those coded as “Not presented
for a complaint” (n = 36) were disregarded, 7,323 rows of illness data remained
for cleaning and analysis (including duplicates).
An aim was to try to distinguish between presenting signs that were reported
on their own and those that were reported as co-occurring with other signs (such
as the eye and ear problem above). Ideally this would have been done using
reported start and end dates but 28.6% (95% CI: 27.6 - 29.7%) of reported signs
had no end date. Further, an ongoing limping or lameness episode may have
lasted for many months and not be related to an episode of vomiting that occurred
during that period. Instead signs were provisionally grouped according to whether
they started within three days of each other. This process had the advantage of
effectively grouping the artificial duplicates mentioned above into one ‘syndrome’.
Henceforth, the word syndrome will be used to mean a reported event comprising
one or more signs of potential illness. Duplicated signs could then be ignored
without removing any associated information such as veterinary diagnoses. The
only exceptions to this process were the entries that were flagged as having been
given the reporting date as a start date (as described in Section 5.2.2). It was
recognised that these start dates were artificial and might falsely group together
signs that had been reported at the same time but had not necessarily co-occurred.
Instead these entries were only grouped into syndromes if they were coded with





The number of times presenting signs were reported were described with refer-
ence to the frequencies of reporting for individual dogs. Rates of events were also
calculated using Therneau’s survival package (Therneau [2014]) with poisson con-
fidence intervals. Time at risk was divided such that an interval of 3-6 months
would include 3.0 months but exclude 6.0 months. Age in months was taken from
the age in days multiplied by 12/365.25. Time at risk during individual months
was calculated from the length of the relevant month, for example, February in
2012 comprised 29 days.
5.2.6 Modelling
Where time to event data were considered, Cox proportional hazards models
(Equation 2.1) (Cox [1972]) were applied using the survival package (Therneau
[2014]). Models were checked by plotting time-varying estimates of the log of
the hazard ratio for each parameter. Where the parameters appeared to change
with time, implying non-proportionality, two approaches were tried. Firstly an
interaction term was included between the varying parameter and the dog age
and secondly the whole model was stratified by dog age. Proportionality was
re-checked and if both approaches resolved the issue, the method that maximised
the model R2 value was chosen.
5.2.6.1 Diarrhoea and Vomiting
The number of times diarrhoea and vomiting were reported as presenting signs
was described, both on their own and when in combination with other signs. Pro-
portions were presented with binomial confidence intervals. Incident frequency
in individual dogs was put in the context of their time at risk. Potential associ-
ations were investigated between duration and severity of signs and whether an
owner took their dog to the vet. Risk ratios were determined using 2x2 tables
of diarrhoea and vomiting events and concurrent exposure to raw diets. Associ-
ations were sought between changes in broad diet types and reports of diarrhoea
and vomiting. Cohort-wide cumulative incidence was determined and incidence
rates at different ages were presented graphically. Due to the possible impact of
recall decay on illness reporting (Sections 3.6.4 and 4.3.2), incidence rates were
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assessed using the whole cohort time at risk and the more restricted time at risk
generated by only considering a window of 40 days prior to each data entry. This
process was described in Section 4.2.2 with the aid of Figure 4.2.
Incidence rates for diarrhoea and vomiting were mapped across UK postcode
areas and modelled across postcode districts using the maptools package in R
(Bivand and Lewin-Koh [2015]). For example, the Roslin Institute postcode is
EH25 9RG and it would fit in postcode area EH and district EH25. Latitude and
longitude were available for all dogs that had associated postcodes and associ-
ations between illnesses and latitude and longitude were assessed in univariable
and multivariable models. Human population density was available for postcode
districts in Scotland, England and Wales but not NI or many islands. Human
population density was calculated as the number of people in the 2011 census (Of-
fice for Naitonal Statistics [2011] for England and Wales and National Records
of Scotland [2011] for Scotland) divided by the area of the district in hectares
and reported in 100s of people per km2. Where population density was signifi-
cant in multivariable models, only Great Britain (comprising England, Wales and
Scotland) could be considered.
5.3 Results
5.3.1 Missing dates and date cleaning
Optional date fields relating to illnesses included start, end and veterinary visit
dates. Veterinary visit dates were the most complete. Owners reported that they
took their dog to the vet in 3,487 entries and of these, only 117 had no associated
veterinary visit date. At the time of data entry, owners reported that the sign of
illness had ended in 5,444 cases and of these, there were 273 without end dates.
If the sign was ongoing at the time of reporting, it was not possible to enter an
end date. There were 238 entries with no start date.
The entries with no start date were individually examined. Fifteen entries
could be given either a start date or a veterinary visit date from other available
data and a further eight could be deleted as the same sign was reported at the
same time but with start, end or veterinary visit date included. Three signs were
deleted because the owner had given no description or dates. As described in the
methods, Section 5.2.2, the end date was used as the start date in 17 instances
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Table 5.1: Errors identified in the illness dates
Error Type Reason for Error Action
Start, end or Out-by-year Amended 12
veterinary visit Out-by-month Amended 3
dates before DOB Out-by-year and month Amended 7
End or veterinary Out-by-year Amended 6
visit dates Out-by-month Amended 12
before start date Typo Amended 9
Unclear Unchanged 56
Start or end Out-by-year Amended 7
dates after date Out-by-month Amended 170
of owner report Out-by-year and month Amended 17
Unclear Unchanged 62
and the veterinary visit date was used in 32 instances. The remaining 167 entries
were flagged and given a start date of the date of reporting.
Checks regarding reported illness dates identified 391 that were illogical. The
errors identified and actions taken to resolve them are shown in Table 5.1.
5.3.2 Syndromes
There were 305 unique syndromes created by grouping signs according to their
start dates. The syndrome list was examined by a veterinarian (DNC) for biolog-
ical plausibility and 75 were identified as unlikely to be co-occurring due to the
same process. For example, Faecal appearance abnormal - diarrhoea and Pruri-
tus were reported together 111 times but it was not thought that they could be
linked biologically. Each instance of these ‘non-syndromes’ was scrutinised and
13 of 177 entries were determined to be plausible syndromes. The remaining 164
entries were split back up into individual signs or groups of signs that could be
plausibly linked biologically. Once unlikely groupings were removed, 255 unique
syndromes remained comprised of 104 different VeNom coded presenting signs.
The maximum number of different signs in a syndrome was five. The syndromes
varied in frequency with a total of 6,115 syndromes associated with 2,099 dogs. Of
the 6,115 syndromes, 47.4% were associated with a veterinary visit. The median























Figure 5.1: Number of Syndromes per Dog
The twenty most frequently reported syndromes, comprising 90% of reports,
are shown in Table 5.2. These syndromes have been grouped according to system
or event type and when their incidence rates are compared, age-related patterns
of reporting become apparent (Figure 5.2). Illnesses were dominated by gastroin-
testinal signs which peaked between 3-6 months. Musculoskeletal signs peaked
later between 6-9 months and wound/trauma peaked later still at 9 months - 1
year. These findings were reported at the 2015 meeting of the Society for Veteri-
nary Epidemiology and Preventative Medicine and published as part of a paper
in the conference proceedings (Pugh et al. [2015a]). All syndromes reported to
Dogslife are listed in Appendix 6.
5.3.3 Diarrhoea
Diarrhoea was reported 1,622 times; 26.5% (95% CI: 25.4 - 27.7%) of illness
reports included diarrhoea. It was associated with 1,111 dogs which is 34.4%
(95% CI: 32.8 - 36.1%) of all dogs that had reported data and 52.9% (95% CI:
50.8 - 55.1%) of the dogs that had an illness report. The number of times each dog
was reported to have had diarrhoea can be seen in Table 5.3. The vast majority
of these reports involved diarrhoea on its own but it was also reported as part of




Table 5.2: Twenty most frequently reported syndromes
Sign Sign Frequency Proportion 95% CI
involving
vet visit lower upper
GFaecal appearance none 1215 0.31 0.28 0.34
abnormal - diarrhoea
GVomiting - other none 1094 0.16 0.14 0.19
SPruritus none 931 0.34 0.31 0.37
MGait abnormality none 792 0.66 0.63 0.70
- lameness
GFaecal appearance Vomiting 363 0.47 0.42 0.53
abnormal - diarrhoea - other
RCoughing none 282 0.70 0.65 0.75
EyOphthalmic (eye) none 160 0.86 0.79 0.91
abnormality
EaEar (aural) abnormality none 156 0.81 0.74 0.87
OPresenting complaint none 77 0.56 0.44 0.67
not listed
WTWound none 71 0.77 0.66 0.87
SSkin (cutaneous) none 57 0.74 0.60 0.84
abnormality - other
SMass/swelling none 56 0.88 0.76 0.95
- skin (cutaneous)
EyDischarge - ocular (eye) none 41 0.73 0.57 0.86
SSkin (cutaneous) none 35 0.86 0.70 0.95
abnormality
- eruptions/hives/rash
OAnal irritation none 34 0.88 0.73 0.97
OUrination abnormal none 33 0.76 0.58 0.89
- other
WTTraumatic episode none 31 0.74 0.55 0.88
OMass/swelling - other none 28 0.82 0.63 0.94
RCoughing Vomiting 25 0.84 0.64 0.95
- other
MMusculoskeletal injury none 21 0.52 0.30 0.74
G Gastrointestinal; S Skin-related; R Respiratory; M Musculoskeletal; Ey Eye-related; Ea





















































Figure 5.2: Illness rates for twenty most frequently reported syndromes, split
according to dog age. The syndromes have been grouped according to system or
event type as described in Table 5.2
Table 5.3: Number of dogs that have different reporting frequencies for
diarrhoea and vomiting
Number of reports
1 2 3 4 5 6 7 8 10
Diarrhoea (1,111 dogs) 774 227 75 18 12 6 1 3 0
Vomiting (997 dogs) 637 183 98 34 14 7 0 3 1
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Table 5.4: Other signs reported with diarrhoea and the syndrome frequency




none none 1215 0.31
(0.28 - 0.34)
Vomiting - other none 363 0.47
(0.42 - 0.53)
Dietary indiscretion - other none 13 1.00
(0.75 - 1.00)
Faecal appearance abnormal none 5 1.00
- haematochezia
Vomiting - other Vomiting 5 0.40
- haematemesis
Vomiting - other Dietary indiscretion 3 1.00
- other
Vomiting - haematemesis none 3 0.67
Vomiting - other Dietary indiscretion 2 1.00
- foreign body ingestion
Presenting complaint not none 2 1.00
listed
Anal irritation none 1 1.00
Dietary indiscretion none 1 1.00
- foreign body ingestion
Faecal appearance abnormal Vomiting 1 1.00
- haematochezia - other 1 1.00
Faecal appearance abnormal Vomiting 1 1.00
- haematochezia - haematemesis 1 1.00
Faecal appearance abnormal none 1 1.00
- other
Gait abnormality - lameness none 1 1.00
Mass/swelling - other none 1 1.00
Salivation none 1 1.00
- increased/drooling
Vomiting - other Lymphadenomegaly 1 1.00
Vomiting - other Pyrexia/hyperthermia 1 1.00






































































Figure 5.3: Duration and frequency of reports of diarrhoea
No association was found between dogs that were fed raw diets and diarrhoea
(risk ratio 0.74, 95% CI: 0.46 - 1.2). In terms of broad diet type, for example
‘dried’ or ‘home prepared’, there was no association between change in diet type
and diarrhoea (risk ratio 0.87, 95% CI: 0.67 - 1.15).
Of the 1,215 reports of diarrhoea only, 1,068 had both start and end dates.
They are shown, broken down according to the frequency and duration of the
sign in Figure 5.3. Owners were most likely to report that the diarrhoea occurred
every six hours and the majority of incidences lasted less than four days.
The proportions of each of these groups of signs that involved a veterinary visit
are shown in Figure 5.4. As might be expected, the likelihood of a veterinary visit
increased as the duration increased. Duration appeared to be more important
than frequency of sign in terms of the owner decision to take their dog to the
veterinarian.
The reports of illness events which included diarrhoea were filtered according
to whether they occured within the total cohort time at risk. This reduced the


















































Figure 5.4: Proportion of diarrhoea reports involving a veterinary visit
28 days before the first completed questionnaire. The overall incidence rate for
the cohort was 0.50 (95% CI: 0.48 - 0.53) incidents per dog year but the incidence
rates decreased with dog age and this is illustrated in Figure 5.5.
Reducing the overall time at risk under consideration to minimise recall decay
excluded a further 123 reports, reducing the numbers from 1,560 to 1,437 and the
time at risk to 1,733 dog years. The overall incidence rate increased to 0.83 (95%
CI: 0.79 - 0.87) incidents per dog year but again, the incidence rate decreased as
the dogs got older (Figure 5.5).
The maximum number of reports of diarrhoea for one dog was eight times
which was reported for three separate dogs. The remaining frequencies of diar-
rhoea reports are included in Table 5.3. The majority of dogs that had diarrhoea
reports had just one report (774 of 1,111 dogs). As suggested by the findings in
Table 3.15, illnesses were under-reported to Dogslife. A UK-based study found
the prevalence of diarrhoea in dogs in the preceeding two weeks to be 19% (Hub-
bard et al. [2007]) indicating that diarrhoea is ubiquitous. The Dogslife records
of dogs that had no diarrhoea report were examined to determine whether they
simply contributed less time to the project, i.e. they had not had diarrhoea yet.
There was a difference between the groups in terms of the distribution of time at
risk which is shown in Figure 5.6. The bulk of dogs that did not have reports of









































































Figure 5.5: Incidence rates of diarrhoea at different dog ages. Total time at risk
includes 3,098 dog years and 1,560 reports of diarrhoeal illness dropping to
1,437 reports and 1,733 dog years with windows of 40 days applied. Bars
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Figure 5.6: Time at risk for dogs that do and do not have reports of diarrhoea.

























































Figure 5.7: Month-specific incidence rates for diarrhoea with 95% poisson CI.
Windows of 40 days applied.
Considering just the events and time that were included once the 40 day
windows were applied, the monthly incidence rates for diarrhoea were estimated
(Figure 5.7). There appeared to be a seasonal pattern but, given the seasonality
of births (previously shown in Figure 4.7) and the variation in rates at different
ages, it was not clear whether this pattern was due to the high proportion of
relatively young dogs contributing to events in August and September each year.
Stratifying the time at risk according to the age of the dog when the syndrome first
started (Figure 5.8) made it clear that it was not just a reflection of the seasonal
birthing pattern. There was still a peak in August and September for dogs under
the age of one year, particularly for dogs between three and nine months. This
difference was confirmed using a univariable Cox proportional hazards model,
assessing the first incident of diarrhoea in dogs under one year of age (Table 5.5).
Postcode area rates of first diarrhoea incidence for each dog were mapped
(Figures 5.9 and 5.10) using raw latitude and longitude rather than a specialised
projection. Just the first event was considered to concentrate on the between
dogs effect. There was a trend towards higher rates in the south and east of the
country. The times to these first incidences of reported diarrhoea were explored
and the results of univariable Cox proportional hazards models are shown in








































































































Figure 5.8: Age and month-specific incidence rates for diarrhoea.
Windows of 40 days applied.
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Table 5.5: Univariable Cox proportional hazards model of association between
month of the year and time to first diarrhoea event (dogs under one year only)
Month Hazard Ratio 95% CI: P-value
eβ lower upper
January 1.15 0.791 1.67 0.47
February 1.24 0.854 1.81 0.26
March 1.46 1.02 2.08 0.038
April 1.15 0.783 1.69 0.48
May 1 - - -
June 1.11 0.757 1.62 0.60
July 1.24 0.866 1.77 0.24
August 1.81 1.30 2.52 <0.001
September 1.63 1.16 2.28 0.004
October 1.20 0.848 1.71 0.30
November 1.20 0.841 1.72 0.31
December 1.25 0.872 1.80 0.22
to each data entry were considered. For the total time at risk, the median time
to the first incident for each dog was 722 days (just under two years) (95% CI:
556 - 984 days) but this halved to just 364 days (95% CI: 327 - 431 days) when
the windows of 40 days were applied. The drop was unsurprising because only
58 of 1,071 reports lay outside the windows but applying the windows dropped
the time at risk from 2,639 to 1,511 years. The mean times to the first incidents
were 771 days (95% CI: 745 - 798) for the total time at risk but just 617 days
(95% CI: 582 - 652 days) when the time at risk was adjusted.
The univariable Cox proportional hazards analyses (Table 5.6) confirmed the
impression given by Figures 5.9 and 5.10; the rate of diarrhoea events was lower in
Scotland than England and dogs in Scotland suffered their first diarrhoea incident
later. Rather than using broad country boundaries, it was possible to use latitude,
longitude and human population density (Section 5.2.6.1). Decreasing longitude,
increasing latitude and lower human population density were all associated with
increased time to first report of diarrhoea. Having another dog in the household
was also associated with a lower hazard ratio.
Interestingly, associations between household type and time to diarrhoea event
differed according to which at-risk period was applied, indicating a potentially
differential impact of recall decay on different households. In both cases, the
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Figure 5.9: Postcode area diarrhoea incidence rates.
Total time at risk.
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Figure 5.10: Postcode area diarrhoea incidence rates.






















































































































































































































































































































































Figure 5.11: Time until report of first diarrhoea incident split by sex
time to first report of diarrhoea was longer for family households than those with
more than one adult but if the window of 40 days was applied, retired households
were also slower to report diarrhoea events in their dogs. Dogs whose owners did
not report their household type or the dog’s purpose were older at time of first
diarrhoea report compared with those who reported these details, irrespective of
the time at risk. This latter finding may relate to the likelihood of these owners
making an illness report.
Owner smoking status, dog sex and coat colour and whether the household
included a cat or any other pet (excluding dogs), were not found to be associ-
ated with time to reported diarrhoea. However, whilst the difference was not
significant at the 5% level, male dogs seemed to succumb to diarrhoea earlier
than female dogs (Figure 5.11). As diarrhoea incidents continue to accrue in the
cohort, it will be interesting to see whether it will be possible to distinguish a
difference between the two sexes.
When all potentially associated factors were combined into one model, win-
dows of 40 days had to be applied to facilitate the inclusion of month of event.
Final model choice was not simple because multiple models including different
combinations of longitude, latitude and country explained similar levels of varia-
tion. For example, lower longitude was not associated with an overall decreased
hazard of diarrhoea but living in Wales, which has a lower longitude, was associ-
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ated with a reduced hazard. By contrast, latitude was positively associated with
a lower hazard but Scotland, which has a higher latitude, was no longer associated
with any hazard change. The final model explained 8.4% of a possible 38% of
variation and is shown in Table 5.7. Seasonality and reduction of rate with age,
captured by the individual months and their interaction with age, explained the
majority of variation in the model. The interactions terms for all months were
identical, indicating that the effect of seasonality decreased with age. Having
another dog in the household, being in a family or retired household compared
to a household with more than one adult and various geographic factors were as-
sociated with a reduced hazard of reporting diarrhoea. The model includes only
dogs in Scotland, England and Wales because human population density was an
important factor and these data were not available for NI or the various islands.
Table 5.7: Multivariable analysis of the time to first diarrhoea reports using a
Cox proportional hazards model
Variable Hazard ratio 95% CI: P value
eβ lower upper
Other Dog
no - - - -
yes 0.80 0.70 0.91 <0.001
Dog Purpose†
pet - - - -
working 0.89 0.70 1.12 0.31
other 1.05 0.72 1.53 0.80
not reported 0.40 0.23 0.73 0.002
Household type
more than one adult - - - -
family 0.837 0.742 0.944 0.004
retired 0.740 0.606 0.902 0.003
single adult 0.873 0.696 1.10 0.24
not reported 1.12 0.472 2.65 0.80
Latitude 0.935 0.887 0.985 0.011
Density‡ 1.01 1.00 1.01 <0.001
Continued on next page
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Table 5.7: Mulitvariable associations (continued)
Variable Hazard ratio 95% CI: P value
eβ lower upper
Country‡
England - - - -
Scotland 1.13 0.88 1.44 0.35
Wales 0.71 0.52 0.98 0.036
Month
Jan 1.10 0.71 1.69 0.67
Feb 1.31 0.79 2.18 0.29
Mar 1.50 0.95 2.38 0.081
Apr 1.20 0.75 1.94 0.44
May - - - -
Jun 1.08 0.69 1.69 0.73
Jul 1.01 0.67 1.52 0.97
Aug 1.81 1.23 2.65 0.002
Sep 1.93 1.32 2.83 <0.001
Oct 1.22 0.82 1.81 0.33
Nov 1.30 0.87 1.94 0.20
Dec 1.26 0.81 1.94 0.30
Month*Age
All months 0.83 0.82 0.85 <0.001
†All non-pets and non-working dogs were grouped as ‘other’.
‡Density of people (per 100 people per km2) was only available for
England, Wales and Scotland.
5.3.4 Vomiting
Vomiting was reported 1,579 times; 25.7% (95% CI: 24.6 - 26.8%) of all illness
reports. It was associated with 977 dogs which is 30.2% (95% CI: 28.7 - 31.9%)
of all dogs that had reported data and 46.5% (95% 44.4 - 48.7%) of dogs that had
illness reports. The reports were coded, as appropriate, with two separate signs:
‘Vomiting - other’ and ‘Vomiting - haematemesis’. The syndromes associated
with ‘Vomiting - haematemesis’ are shown in Table 5.8 and those associated with
‘Vomiting - other’ are shown in Table 5.9.
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Table 5.8: Other signs reported with ‘Vomiting - haematemesis’ and the
syndrome frequency
Other Other Freq Proportion
sign sign involving
vet visit
none none 3 0.67
Faecal appearance none 3 0.67
abnormal - diarrhoea
Coughing none 1 1.00
Dietary indiscretion none 1 1.00
- other
Faecal appearance Faecal appearance 1 1.00
abnormal - diarrhoea abnormal - haematochezia
Coughing Vomiting - other 1 1.00
Table 5.9: Frequency of signs reported with ‘Vomiting - other’




none none 1094 0.16
(0.14 - 0.18)
Faecal appearance none 363 0.47
abnormal - diarrhoea (0.42 - 0.53)
Coughing none 25 0.84
(0.64 - 0.95)
Pruritus none 20 0.35
(0.15 - 0.59)
Vomiting none 13 0.08
- haematemesis (0.002 - 0.36)
Dietary indiscretion none 9 1.00
- other
Dietary indiscretion none 6 0.67
- foreign body ingestion
Continued on next page
166
5. Health
Table 5.9: ‘Vomiting - other’ syndromes (continued)
Other Other Freq Proportion
sign sign involving
vet visit
Faecal appearance Vomiting 5 0.40
abnormal - diarrhoea - haematemesis
Dietary indiscretion Faecal appearance 3 1.00
- other abnormal - diarrhoea
Mass/swelling none 3 1.00
- oral (mouth)
Seizure(s) none 3 1.00
Coughing Gagging/retching 2 1.00
Dietary indiscretion Faecal appearance 2 1.00
- foreign body ingestion abnormal - diarrhoea
Wound none 2 1.00
Gait abnormality Pruritus 1 1.00
- lameness
Faecal appearance Pyrexia/hyperthermia 1 1.00
abnormal - diarrhoea
Lethargy none 1 1.00
Faecal appearance Lymphadenomegaly 1 1.00
abnormal - diarrhoea
Coughing Dietary indiscretion 1 1.00
- foreign body ingestion
Faecal appearance Faecal appearance 1 1.00
abnormal - diarrhoea abnormal
- haematochezia
Skin (cutaneous) none 1 1.00
abnormality
- eruptions/hives/rash
Pyrexia/hyperthermia none 1 1.00
Gait abnormality none 1 1.00
- lameness
Continued on next page
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Table 5.9: ‘Vomiting - other’ syndromes (continued)
Other Other Freq Proportion
sign sign involving
vet visit
Mass/swelling Pruritus 1 1.00
- other
Appetite decreased Lethargy 1 0.00
Coughing Vomiting 1 1.00
- haematemesis
Skin (cutaneous) none 1 1.00
abnormality
- other
Coughing Presenting complaint 1 0.00
not listed
Presenting complaint Pruritus 1 1.00
not listed
One syndrome included four signs: ‘Vomiting - other ’, ‘Coughing’, ‘Discharge - ocular (eye)’
and ‘Opthalmic (eye) abnormality’.
Both frequency and proportion involving vet visit were one.
As single signs ‘Vomiting - other’ and ‘Vomiting - haematemesis’ were reported
1,094 and three times respectively. Focussing just on the ‘Vomiting - other’
reports, 1,030 had associated start and end dates and, of these, 833 reports
(80.9%, 95% CI: 78.3 - 83.2%) indicated that the vomiting lasted less than one
day. In terms of frequency, 656 reports indicated that the dog had vomited just
once but oddly 26 of these apparently lasted longer than one day. Excluding the
episodes that involved one incident of vomiting because they entirely dominated
the plot, the distribution of duration and frequency is shown in Figure 5.12.
The proportion of each of these groups of signs, and those that were reported
to have only happened once, that involved a veterinary visit are shown in Fig-
ure 5.13. As might be expected, the trend is that the likelihood of a veterinary
visit increased as the duration and frequency of the vomiting increased.
The numbers of vomiting reports were reduced from 1,579 to 1,541 when fitted
into the total time at risk; this implies that 38 reports took place more than 28







































































Figure 5.12: Distribution of vomiting reports according to duration and

























































































































Figure 5.14: Age specific vomiting rates. Total time at risk includes 1,541
incidents in 3,098 years at risk but this drops to 1,404 incidents in 1,733 years
when using 40 day windows. Bars represent 95% poisson CI.
same as for diarrhoea, 0.50 (95% CI: 0.48 - 0.52) reports per dog year and, as can
be seen in Figure 5.14, the rates depended heavily on the age of the dog.
Attempting to minimise the effect of recall decay by applying time at risk
windows of 40 days prior to each data entry excluded a further 137 reports,
reducing the numbers to 1,404 incidences and 1,733 dog years at risk. The overall
incidence rate increased to 0.81 (95% CI: 0.77 - 0.85) reports per dog year. The
highest rates were when the dogs were between three and nine months of age
(Figure 5.14).
The maximum number of reports of vomiting for one dog was ten times which
was reported for just one dog. The remaining frequencies of vomiting reports
are included in Table 5.3. The majority of dogs that had vomiting reports had
just one report (637 of 997 dogs). Using the total time at risk the maximum
reported time at risk was 42 months for dogs that did and did not have reports
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Figure 5.15: Time at risk for dogs that do and do not have reports of vomiting.
Windows of 40 days applied. Dogs with zero time at risk excluded.
the maximum times at risk were 34 and 33 months for those that did and did
not have reports respectively. However the distributions of times at risk were
markedly different (Figure 5.15). A preponderance of dogs that did not have
reports of vomiting contributed less time to the project.
The monthly incidence rates for vomiting (using the incidents fitted into the
40-day windows) were plotted (Figure 5.16). The confidence intervals largely
overlapped but it appeared that January had a high rate. In order to account
for the seasonal pattern of births in the cohort, the monthly rates were stratified
according to the age of the dog when the syndrome first started (Figure 5.17).
January continued to stand out, particularly for dogs under one year of age.
A Cox proportional hazards model indicated that the hazards in January and
September were 1.34 (95% CI: 1.03 - 1.74) and 1.30 (95% CI: 1.00 - 1.68) times
that of the hazard in May respectively (Table 5.10). This reflects a similarly low
rate in May and high rate in September for diarrhoea incidents but vomiting did
not have the same peak in August that was found for diarrhoea and diarrhoea
did not peak in January.
Unlike diarrhoea, vomiting incidence rates did not seem to have a geographical
pattern (Figures 5.18 and 5.19).


























































Figure 5.16: Monthly vomiting rates using incidents within windows of 40 days
prior to each data entry.
given by Figures 5.18 and 5.19; the rate of vomiting did not appear to vary
according to country or time to first reported event. Neither latitude nor longitude
were associated with time to first vomiting event but there was a small association
between increasing human population density and reduced time to first vomiting
event. As with diarrhoea, having another dog in the household had an apparent
protective effect. This protection was repeated when there was a cat in the
household. Interestingly, associations did not typically vary when different times
at risk were applied. In both cases, the time to first report of vomiting was longer
for retired households than all other types and longer for working dogs than pets.
Owner smoking status, sex of the dog and coat colour and whether the house-
hold included any other pet (excluding dogs and cats), were not found to be
associated with time to reported vomiting.
Combining the various factors into a multivariable model was complex. The
final model shown in Table 5.12 explained just 0.8% of 56% of possible variation.
This could be greatly improved to approximately 8% of 37% if month of occur-
rence was included but the hazards were not proportional. Efforts to deal with
this resulted in models that failed to converge. There were not enough data to










































































































Figure 5.17: Age specific monthly vomiting rates using incidents within
windows of 40 days prior to each data entry.
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Figure 5.18: Postcode area vomiting incidence rates.
Total time at risk.
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Figure 5.19: Postcode area vomiting incidence rates.
Windows of 40 days applied.
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Table 5.10: Cox proportional hazards model of association between month of
the year and time to first vomiting event
Month Hazard Ratio 95% CI: P-value
eβ lower upper
January 1.34 1.03 1.74 0.03
February 1.21 0.921 1.59 0.17
March 1.11 0.840 1.46 0.47
April 1.15 0.866 1.52 0.34
May 1 - - -
June 1.20 0.916 1.58 0.19
July 1.19 0.913 1.56 0.20
August 1.15 0.884 1.50 0.30
September 1.30 1.00 1.68 0.05
October 1.20 0.930 1.54 0.16
November 1.15 0.878 1.51 0.31






















































































































































































































































































































































































































































































































































































































































































































































Human population density did not improve the fit of the final, relatively sim-
ple, multivariable model. Despite there being no obvious association between
latitude, longitude and vomiting rates (Figures 5.18 and 5.19), including both
latitude and longitude improved the model. In particular, increasing latitude
was associated with longer time to first vomiting event. Having another dog or a
cat in the household remained strongly protective in the combined model.
Table 5.12: Multivariable analysis of the time to first vomiting reports using a
Cox proportional hazards model
Variable Hazard ratio 95% CI: P-value
eβ lower upper
Other Dog
no - - - -
yes 0.69 0.59 0.80 <0.001
Cat
no - - - -
yes 0.80 0.68 0.94 0.006
Dog Purpose†
pet - - - -
working 0.47 0.33 0.67 <0.001
other 0.88 0.56 1.38 0.58
not reported 2.6e-07 2.0e-07 3.5e-07 <0.001
Household type
retired - - - -
more than one adult 1.85 1.40 2.45 <0.001
family 1.81 1.37 2.41 <0.001
single adult 1.56 1.06 2.28 0.02
not reported 1.46 0.60 3.52 0.40
Latitude 0.96 0.92 0.998 0.038
Longitude 0.98 0.93 1.02 0.28




There were 6,115 signs of illness reported to Dogslife in the first three and a
half years of the project. They ranged from thousands of instances of diarrhoea
and vomiting to a single report of a cataract. Approximately half of the signs
were not associated with a veterinary visit. The validation process (Section 3.4.4)
indicated that under-reporting of veterinary visiting illness instances was 22% so
6,115 should be regarded as an underestimate. As a general trend, the illness
rates decreased as the dogs aged which reflects similar findings from insured,
vet-visiting dogs in Sweden (Egenvall et al. [2000]).
In contrast to a recent study of 3,884 vet-visiting dogs that found otitis externa
to be the most prevalent condition (O’Neill et al. [2014b]), ear-related complaints
were only the sixth most numerous of the twenty event types most frequently
reported to Dogslife. This might simply be due to breed susceptibility or the
younger age of the Dogslife cohort, which was under four years, compared to a
median age of 4.8 years for a variety of breeds in the O’Neill et al. study. However
it also seems likely that there is a difference between illnesses that do, and do
not, precipitate vet visits.
Of the twenty most frequently reported syndromes, the proportion associ-
ated with a veterinary visit ranged between 16% for vomiting and 88% for
mass/swelling and anal irritation. There is a similar phenomenon which was
initially described in human medicine in 1963 called the Symptom Iceberg (Last
and Adelaide [1963]). The authors detailed the signs detected by General Practi-
tioners (GPs) in England and Wales and estimated undetected levels of morbidity
from population morbidity and mortality statistics. They suggested that the signs
seen by GPs could be thought of as the portion of the iceberg seen above the wa-
ter with unreported signs of illness hidden under the water. The authors of the
1963 study found, much like Dogslife, that the proportions of signs estimated to
go unseen by GPs was heavily dependent on the type of the sign.
Since 1963, considerable effort has been made to understand what drives peo-
ple to seek medical attention and to try to inform the public regarding which
signs they should see a doctor about. To quote Elnegaard et al. [2015], from a
public health perspective, “symptoms potentially indicative of a serious disease
should prefereably lead to healthcare seeking, while other symptoms should not”.
The implication of the iceberg analogy is that the proportion of signs that are not
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seen by medical practitioners is far higher than those seen by practitioners. This
is supported by multiple human studies such as that by Dahlquist et al. [1984],
which found that just 10% of signs involved seeking medical attention. The
study by Elnegaard et al. [2015] was based online and involved 49,706 Danish
subjects. They asked participants about specific symptoms during the preceed-
ing four weeks and found that 37% of participants visited their doctor with at
least one sign of illness. Whilst not strictly the same proportion as it considers
individuals rather than signs, 37% is closer to Dogslife’s 47% of signs involving a
veterinary visit than the 10% of Dahlquist et al. [1984] but the authors suggested
37% was an unusually high proportion.
There is a clear distinction between canine and human medicine. In canine
medicine, we must rely on owners noticing a sign of illness before they can report it
and if it produces minimal behavioural change, the owner is unlikely to do so. The
study by Elnegaard et al. [2015] included questions about tiredness and headaches
and found that that 20.2% and 17.7% of reports respectively were associated with
medical visits. Both of these are relatively low percentages, reducing the overall
average and neither sign would likely be reported by a Dogslife owner because they
might not produce noticeable behavioural changes in dogs. Whilst the proportion
of signs involving a veterinary visit according to Dogslife is high in human terms,
such direct comparisons may not be appropriate. Instead, Dogslife data provide
the first estimates of population disease burden considering signs that do and do
not precipitate veterinary visits. They might be compared with smaller studies
that look at specific illnesses and hopefully, like the study by Last and Adelaide
[1963], provide a benchmark for future studies of the overall Symptom Iceberg in
dogs.
It might be assumed that owner perception of illness severity governs the
likelihood of an owner taking their dog to a vet or perhaps a perception of whether
the sign is likely to resolve itself without intervention. By extension, it appears
that Dogslife owners did not perceive diarrhoea, vomiting and pruritus to be
particularly serious. Vomiting in particular had a very low level of veterinary
visitation, perhaps because it was predominantly reported to happen just once
per report.
For the first time, the burden of non-veterinary visiting illnesses on young LR
has been quantified for thousands of animals. Three of the five most frequently
reported syndromes were gastrointestinal, comprising vomiting and/or diarrhoea
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and typically not associated with a vet visit. This is a large burden, particularly
in young, growing dogs, so interventions that produce small percentage reduc-
tions in incidents would impact a large number of dogs and owners. Vomiting
and diarrhoea might largely be considered unpleasant rather than dangerous but
reducing incidence, particularly for dogs that suffered repeated events, would have
a positive impact on the welfare of dogs and their owners. A study in the USA
found that 18.5% of 1,984 owners reported soiling as a reason for relinquishing
their dog to a rescue shelter (Salman et al. [2000]). There is a qualitative differ-
ence between stress-based soiling and illness-based soiling but, from an owner’s
perspective, the short-term impact is similar.
5.4.1 Recall Decay
Windows of 40 days prior to each data entry were applied to try to minimise recall
decay but this might have introduced a different bias. Owners were able to answer
the questionnaire at any time and were actively encouraged to make a data entry
if their dog became sick. Whilst cleaning and analysing the data, it became clear
that many owners answered the questionnaire on the day of a veterinary visit or
illness incident. If the behaviour of these owners was consistent and they always
came to the website when their dog was ill, then the time disregarded for these
dogs was time when the dogs were genuinely healthy. Applying the windows
would have inflated illness rates inappropriately. Nevertheless, the validation
exercise indicated that illness reporting was subject to recall decay and failing to
try to account for it would be equally inappropriate. By using both the total time
at risk and the time at risk generated by applying 40 day windows, two different
pictures were created of illness rates and times to event. Where they agreed,
estimates generated are likely to be reliable but where they were different, which
was more correct would be debatable and the reasons for differences can only be
speculated upon.
Rates of vomiting and diarrhoea were determined using both the total time at
risk and 40 day windows. Applying windows would reduce the power of models
to detect associations because it reduced the number of illnesses under consid-
eration. Conversely it might also increase the power by more narrowly defining
times when the dogs were definitely not ill. Aspects of the analysis that were
affected by recall decay would be highlighted by comparing the analyses of the
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different times at risk. The idea that there might be differential recall bias was
supported somewhat by the univariable Cox analysis of time to diarrhoea and
household type. Dogs from retired households were more likely to be associ-
ated with a delay to reporting of diarrhoea once the windows of 40 days were
applied. These windows reduce incidents and time under consideration and for
retired households, they presumably disproportionately reduced the time at risk
when compared to other household types. Longitude was the only other vari-
able whereby the confidence interval shifted further from one when windows were
applied to diarrhoea incidents.
The pattern of households being disproportionately affected by recall decay
was repeated with vomiting. When 40 day windows were applied, the hazard
ratios increased for all household types in comparison to retired households. In
all cases, dogs from retired households had the longest delay to reports of vom-
iting. In the univariable analyses, neither country, latitude nor longitude were
associated with time to vomiting, regardless of which time at risk was considered.
5.4.2 Comparison of Vomiting and Diarrhoea
In the first three and a half years of Dogslife, both vomiting and diarrhoea were
reported over 1,000 times. Additionally, they were reported 363 times together.
Such large numbers of incidents allowed for in depth analysis and comparison of
the two signs. Only 31% of diarrhoea reports were associated with a veterinary
visit but this was nearly double that of vomiting at just 16%. This was consid-
erably higher than the values found in a study of 772 dogs in the UK in 2007
that found that 10% of dogs that had diarrhoea and 5% of dogs with vomiting
were taken to the vet (Hubbard et al. [2007]). The Hubbard et al. study asked
participants about the two weeks following receipt of the questionnaire so there is
a suggestion that different methodology might be affecting results. In particular,
recall decay in Dogslife might differentially be affecting illness reports; incidents
with perceived lower severity (such as those that do not precipitate a veterinary
visit) have been found to be more likely to be forgotten compared to more serious
illness events (US Department of Health, Education and Welfare [1961]) so per-
haps owners were forgetting to report the non-vet-visiting incidents of diarrhoea
and vomiting to Dogslife.
There was presumably greater concern on behalf of owners when the two signs
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occurred together because, when they were combined, owners took their dog to
the vet in relation to 47% of events. This phenomenon has also been described in
human health with a positive linear relationship between the concurrent number
of possible signs and likelihood of visiting a GP (Elnegaard et al. [2015]). In
Dogslife, duration of sign rather than frequency appeared to be the primary
motivation for veterinary visits when the dog had diarrhoea but there was more
of an emphasis on frequency for vomiting. The Hubbard et al. [2007] study found
that if a diarrhoea incident lasted for two of more days, 66% of reports involved
a veterinary visit but they did not have any reports of vomiting that lasted more
than two days. Interestingly, diarrhoea reports to Dogslife predominantly needed
to last at least two days before the owner would take their dog to the vet but,
for vomiting reports that were happening at least every two hours, the owner
would take their dog to the vet after just one day. Despite vomiting precipitating
a lower proportion of veterinary visits than diarrhoea, if vomiting was frequent
enough, owners would apparently react more quickly.
Both vomiting and diarrhoea had incidence rates that peaked between three
and six months of age. Many factors would likely reduce the number of inci-
dents in dog under three months of age. They would be partially protected by
maternal immunity and initially consume a diet of just milk. Before complet-
ing early courses of vaccinations at approximately 12 weeks of age, owners are
advised not to expose their puppy to other animals (Kennel Club [2015]) and,
as such, the dogs would be exposed to fewer infectious agents. As they aged, it
might be hypothesised that these young dogs would simultaneously lose mater-
nal immunity and be exposed to a gamut of gastrointestinal challenges as they
explored their surroundings. Relative youth also appears to be associated with
a seasonal pattern of reporting. For dogs under one year, the lowest incidence
rates for both vomiting and diarrhoea occurred in May and there were peaks in
September for both signs. However there were also distinct differences, including
a high incidence rate for vomiting in January. This was perhaps associated with
consumption, and subsequent rejection, of holiday food. The seasonal pattern of
diarrhoea and vomiting incidence for Dogslife does not agree with findings from a
study of four large breeds in Norway (Sævik et al. [2012]). The Norwegian study
found peaks in Summer (June - August) for both signs at all ages and suggests
that the peaks (with the exception of vomiting in January) may be driven by
climactic factors which would clearly differ between the two studies.
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Multiple studies have found higher rates of diarrhoea in males compared to
female dogs (Hubbard et al. [2007]; Stavisky et al. [2011]; Sævik et al. [2012]). It
is interesting that despite having greater numbers of dogs than all of these studies
(two of which were also based in the UK), there was no significant difference found
between male and female Dogslife dogs. The analysis was based on 3,234 dogs
until 31st December 2013 and male dogs appeared to succumb sooner than females
but not significantly at the 5% level. In August 2015, Dogslife had over 5,500
registered members and ideally the analysis would be repeated with these extra
dogs. Such an analysis might give the power required to find a difference between
the sexes or definitively indicate that the Dogslife population was different to
those studied above. It should be noted that all of the other studies had a wider
range of ages and breeds in their studied populations so it is possible that young
Dogslife LRs simply do not have a sex difference in terms of diarrhoea risk.
Difficulties with convergence of the multivariable vomiting model makes com-
parisons between these models for vomiting and diarrhoea problematic. Direct
comparison between the univariable analyses remains feasible and presents an
interesting picture. Time to the first reports of diarrhoea and vomiting was lower
in household pets than working dogs and longer in retired households than any
other household type. The increased time to event for working dogs was more
exaggerated for vomiting than diarrhoea. As with all Dogslife data, it is unclear
whether there was a difference between the groups of dogs, a difference in the
owners’ abilities to detect a sign, or a difference in the likelihood of reporting.
Nevertheless, there appeared to be a strong geographical pattern to diarrhoea
reporting that was not repeated for vomiting. Time to first diarrhoea report was
lower at lower latitudes and higher longitudes and significantly positively cor-
related with human population density. For vomiting, there was a univariable
correlation between increasing human population density and decreased time to
first vomiting incident but this was not a significant factor in the multivariable
model. Time to first vomiting report was not univariably associated with country
location, nor latitude and longitude but latitude was significantly associated in
the multivariable model. The initial impression given by Figures 5.18 and 5.19
that there was no geographical pattern underlying vomiting was not supported
by the numerical analyses but the pattern was not as clear as for diarrhoea. One
might hypothesise that more of the diarrhoea reporting than the vomiting had
an infectious aetiology. Greater human population density would, on average, be
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associated with a greater number of potential infectious contacts.
The Norwegian study of four large breeds (Sævik et al. [2012]) previously
demonstrated that dogs in urban areas were at greater risk of developing di-
arrhoea than those in suburban or rural areas but they found no association
for vomiting. Unfortunately Scotland uses a different method for describing ur-
ban/rural distinctions than NI and they are both different to the system used
by England and Wales so assessing urban and rural risks was impractical with
Dogslife data. Nevertheless, urban/rural classifications are typically based on hu-
man population density and the findings associating diarrhoea with higher levels
of human population density seem to support the findings of the Norwegian study.
The vomiting results were less clear-cut and they do not agree with the Norwegian
study which found no effect. As with the work assessing risk according to the sex
of the dog, it would be interesting to repeat these analyses with larger numbers
of animals to determine whether greater power would make it possible to refine
the results of the risk factor analyses for vomiting and geographical variation.
The final differences between vomiting and diarrhoea were with regard to other
pets being in the household. Having a cat in the household was associated with
a reduced hazard of vomiting reporting and having another dog was associated
with a smaller hazard for vomiting than diarrhoea. On might imagine that having
other pets would increase exposure to infectious disease so it is surprising that
having another dog or a cat were associated with lower hazard. It is difficult
to know whether these associations are genuine, perhaps because of more robust
immune function, or whether the owners of these dogs are simply less likely to
notice or report diarrhoea and vomiting. Ideally this analysis would be repeated
in other studies to help understand whether it is a true reflection of decreased
risk in multi-animal households.
Despite often being reported together, vomiting and diarrhoea were associated
with different risk factors suggesting that the two signs have different aetiologies.
On that basis, future investigations of gastrointestinal disease should treat vom-
iting and diarrhoea as different processes or risk missing detail.
5.4.3 Conclusion
As detailed in Appendix 6, the Dogslife illness records are extensive. The in-
depth analysis of vomiting and diarrhoea demonstrate the utility of these data
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for detailed analyses. The risk factor analyses have built on previous studies and
added novel information regarding household type and dog purpose, the risks of
owning other pets and geographical patterns of illness across the UK. For rarer
signs, because of the large numbers of participants, appreciable numbers of cases
are being accrued that might be used in targeted case-control studies. The next
step for Dogslife will be to assess the DNA samples collected and continue linking
these illness reports to the wealth of demographic and lifestyle data in order to






In exercise science, the gold standard measure of physical activity is calorimetry
(Melanson and Freedson [1996]) whereby total energy expenditure is calculated
by administering heavy water and measuring the levels of heavy isotopes remain-
ing in urine (Coward [1988]). This is impractical outside laboratory settings and
does not assess the energy expended whilst undertaking different activities, for
example, comparisons of resting, walking and running. More versatile tools such
as questionnaires (Innes and Barr [1998]), Global Positioning System (GPS) col-
lars (Bruno et al. [2015]) and accelerometers (Dow et al. [2009]) have been widely
used to assess activity in less controlled settings.
Each method has advantages and disadvantages, for example, questionnaires
do not necessitate the purchase and management of equipment so they are ideal
for large numbers of participants. Unfortunately, as discussed previously, using
questionnaires introduces issues of validity. GPS collars allow for distance trav-
elled in a period of time to be assessed. With refinement, the data may also be
manipulated to give each dog’s velocity and acceleration. Unfortunately, whilst
they have been used to distinguish between healthy and osteoarthritic dogs in an
epidemiological study of 17 dogs (Bruno et al. [2015]), GPS collars may only be
used outside so they cannot be used to assess total daily activity. They currently
also have high power requirements making them impractical for long-term use by
untrained people. Accelerometers are not required to repeatedly contact satel-
lites so they have longer battery lives than GPS collars and can be used indoors,
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however they still require a financial outlay and cannot practically be used in
large-scale studies.
The scale of the Dogslife cohort dictates that questionnaire measurement was
the only practical way to measure activity. As discussed in Section 4.2.9, the
exercise section of the Dogslife questionnaire (Appendix 2, Section A2.4) was
designed to try to capture the time spent on a range of different activities. It
was hoped that answers to the questionnaire would serve as a proxy for each
dog’s energy expenditure and more, that it would also facilitate investigations of
specific activities which may be related to musculoskeletal problems (for example
Krontveit et al. [2012] found an association between stair climbing in dogs un-
der three months of age and subsequent development of hip dysplasia). Ideally
the data collected about specific activities would be appropriate for use in risk
factor analyses such as those undertaken in Section 4.3.10. It was shown that
univariably, owner reports of total daily time spent exercising, time spent fetch-
ing, chasing and retrieving and time spent on other activities were all negatively
correlated with dog weight and time spent walking on the lead was positively
correlated with dog weight.
Ideally, each completed set of exercise questions would also be a good proxy
for that dog’s activity, similar to results generated by the use of an accelerometer.
This chapter describes efforts to validate the exercise section of the questionnaire
using accelerometer data collected from a subset of the cohort. The aim was
to determine whether the exercise section of the Dogslife questionnaire might be
more broadly used as a valid tool to assess activity in LR.
6.2 Methods
Accelerometers were sent to a subset of the cohort with a stamped addressed
envelope to facilitate their return. Also included, and detailed in Appendix 7,
were an A4 cover letter (Figure A12), an A5 flyer describing the study protocol
(Figure A13) and a paper questionnaire (Figures A14 and A15). The owners
were asked to email Dogslife when they received the accelerometer and email
again with the times when they attached and detached the device from their
dog’s collar. They were asked to put the accelerometer on their dog’s collar for a
week and complete the questionnaire regarding their dog’s activity for that week.
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One week was chosen in accordance with findings reported by Dow et al. [2009]
which emphasised the need to include both week days and weekend days. The
paper questionnaire (Figures A14 and A15) comprised just two sides of A4 largely
copied from the exercise section of the online questionnaire which is available in
Appendix 2, Section A2.4. In addition there were two questions regarding how
much time the dog spent in the car and whether the questions captured all of
the dog’s exercise. Upon return, the accelerometer data were downloaded and
the answers from the paper questionnaire were entered into a spreadsheet by the
project administrator.
6.2.1 Sampling Strategy
Two main premises guided which owners were asked to use the accelerometers.
Following the assessments of exercise in Section 4.3.11, it was apparent that few
dogs ran on the lead with their owners and working dogs exercised differently
from household pets. In order to validate the questionnaire, sufficient dogs from
each of these groups would need to be selected. In the absence of estimates of
effect size, sample size power calculations were redundant. Instead it was decided
to disproportionately sample from dogs that ran on the lead with their owner and
working dogs such that approximately 10 of each category would be chosen in
the first 100 sampled dogs. The chances of choosing a working dog were therefore
multiplied by 1.5 and the chances of choosing a dog that ran on the lead were
multiplied by 20. More generally, dogs were randomly selected from those that
had a data entry in the previous month, were over one year of age and whose
owners had given permission for Dogslife to contact them by email and/or tele-
phone. Up to 20 dogs were chosen every month and the project administrator
worked through the list sending accelerometers to owners who agreed to par-
ticipate. Sampling began in June 2013 with three accelerometers. Recruitment
was a dynamic process so the dogs were not necessarily part of the 4,307 dogs
previously described in this thesis.
6.2.2 Accelerometers
Philips Respironics Actical accelerometers were used (Figure 6.1). The device
specifications are given in Appendix 7, Figure A16. Each contains a piezoelectric
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Figure 6.1: Philips Respironics Actical with 20 pence piece for scale.
sensor which generates a voltage in response to changes in velocity with time (ac-
celeration) in three orthogonal directions. The voltages are converted to digital
readings and compared to a baseline which facilitates the exclusion of constant
acceleration such as that related to gravity. The digital readings were automat-
ically smoothed and filtered by the Actical software to give aggregated counts
of raw perturbations which are equivalent to activity for a given time period or
epoch. The epoch chosen for this investigation was 1 minute which is the maxi-
mum for this monitor and follows a validated protocol trialled by Hansen et al.
[2007]. Henceforth, the number of counts per epoch will be referred to simply as
‘counts’.
6.2.3 Data Processing: Standardising Time Monitor At-
tached
The count levels varied throughout the day so only complete 24 hour periods were
included in analyses. Due to reported variation between weekday and weekend
day counts (Hansen et al. [2007]), weekdays and weekends were treated sepa-
rately. For example, if an accelerometer was attached on a Saturday morning
and removed the following Friday evening, all data collected on the Saturday and
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Friday day would be disregarded because neither day had a complete 24 hour
period and weekday and weekend hours were deliberately not amalgamated.
An exception to this rule was applied for the dogs that had their collars re-
moved for known periods (typically overnight) or that had reported times in
the car. These time periods were excised from their records but they were still
considered to have contributed a full 24 hours in that day. Activity was consid-
ered in hourly intervals and, where daily counts were considered, the movement
overnight was observed to be very low so effectively it could be omitted without
greatly affecting average daily counts.
6.2.4 Data Processing: Time In Car
Three owners gave the specific times when their dogs were in the car. For example,
16:15 to 17:00 on 2nd May 2015. These times were excised from the records of
the dogs. Using the three dogs and eight journeys, comprising over five reported
hours in the car, an average count level per minute was determined for car travel.
A histogram of the counts generated by these car journeys (combined) is shown
in Figure 6.2 with the median counts per minute of 57 and a mean of 197. The
dogs whose owners who did not give the specific times in the car could not have
their accelerometer readings adjusted because it was not known which section of
their record to excise. Whether the dog spent time in the car was considered as
part of the modelling processes as a binary Yes/No categorical indicator.
6.2.5 Statistical Analyses
The accelerometer data were initially compared to the following factors: whether
the dog spent time traveling in the car, whether the exercise was restricted for
any reason, the dog purpose, household type, whether there was another dog in
the household, whether the dog ran on the lead with the owner, whether the
collar was taken off at night, the day of recording, the age group of the dog and
the hour of the day. The dog ages were grouped in three different ways. The first
involved splitting in six month intervals (1 year - 18 months, 18 months - 2 years
etcetera). The second involved splitting into 1 year - 18 months, 18 months - 2.5
years, 2.5 - 3.5 years etcetera. The third was the simplest, splitting into groups






























Figure 6.2: Histogram of counts per minute during over five hours worth of car
journeys. The mean is given in blue and the median in red.
Table 6.1: Dancey and Reidy’s [2004] suggested categorisation for correlation
measures






Efforts were then made to develop models of the accelerometer data that in-
cluded owner reports of exercise. These models were built with a subset of the
dogs and then used to predict the accelerometer data for the remaining dogs.
Using Dancey and Reidy’s categorisation [2004] (Table 6.1), the correlation be-
tween model predictions and accelerometer data would give a measure of the
validity of the exercise section of the questionnaire and its capacity to predict the
accelerometer readings.
6.2.5.1 Dealing with the count data
The count data were considered for every minute as counts and transformed into
square root of counts and log of counts+1. They were also grouped into hourly
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means of the log of counts+1. Michel and Brown [2011] determined thresholds at
which they considered activity monitor counts to be associated with sedentary,
walking and trotting behaviours in a group of 104 dogs. They characterised these
behaviours as indicative of sedentary, light and moderate to vigorous activity and
their thresholds lay at under 204, between 204 and 1,751 and over 1,751 counts
per minute respectively. These thresholds were applied to the accelerometer data
collected by Dogslife such that the activity of each each minute would be con-
sidered sedentary, light or moderate to vigorous. For each dog, the percentage
of counts that were associated with sedentary, light and moderate to vigorous
behaviours were determined for hourly intervals and days.
6.2.5.2 Modelling detail
Logistic regression models using the thresholds were built using the binomial
family of distributions in the lme4 package (Bates et al. [2014]). Three models
were built including, for example, a sedentary model whereby the outcome was
whether each time point was sedentary or not sedentary. In addition to the
logistic models, linear mixed effects models were built with pet ID, previously
reported time spent running on the lead with the owner and dog purpose as
random effects (nlme, Pinheiro et al. [2013]). Again three models were built but
this time the outcomes were the percentage of time the counts were above or below
the thresholds the previously mentioned. For example, the percentage of epochs
when the counts were sedentary (below 204 counts per minute). Multiple models
were built and considered. The MuMIn package (Bartoń [2014]) was used to find
the models with the lowest AIC. Autocorrelation terms were only considered when
modelling the hourly mean of log of counts+1. Model assumptions regarding
the residuals (normality and homogeneity of variance) were checked by visual
inspection of plots of residuals against fitted values.
6.3 Results
Accelerometer readings were collected from 137 dogs between June 2013 and
June 2015. One set of readings were incomplete because the dog had chewed the
accelerometer and a number of other sets of readings were truncated for reasons
that were not reported to Dogslife. There were at least six days of data available
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for 129 dogs and at least 7 days for 71 dogs. Figure 6.3 shows the seven day plot
for a dog chosen randomly from those with seven complete days (ID = 4279). The
mean count for this dog was 287 per minute and the median was zero indicating
an extremely right-skewed distribution.
The distributions of counts were so right-skewed that illustrating the counts
for all dogs was difficult. Figure 6.4 shows the percentage of counts which were
zero in each hourly window for all dogs (the minimum number of hours contribut-
ing to any hour window was 923). The weekend and weekday plots have slightly
different shapes and both clearly show that the dogs were relatively inactive be-
tween midnight and six am each day.
Figure 6.5 shows the 50th - 90th percentiles of counts for each hourly period
split for week day and weekend days for all 137 dogs. The median count was only
above zero for the hour between 9am and 10am at weekends. The 100th percentile
is not included in the plot as the values ranged between 4,548 for midnight to
1am at weekends and 32,767 for 9am to 10am on weekdays. Such high numbers
dramatically skewed the plot.
6.3.1 Participant Profiles
The dogs comprised 123 household pets, 11 working dogs, 1 assistance dog and 2
described by their owners as having other purposes. They came from households
described as more than one adult (62), families (41), single adults (18) and retired
(15). Fifty three of the households had another dog and 84 did not. At the time
of selection, their most recent reason for exercise restrictions were recommended
by breeder or from their own experience (63), owner time (6), dog problem (3),
owner ability (1) and unrestricted (64). On average, eight of the dogs ran on the
lead for at least 30 minutes each day and a further 35 ran on the lead for less
than 30 minutes. The minimum age was 413 days, the maximum was 1,904 days
and the distribution is shown in Figure 6.6.
6.3.2 Modelling
Building logistic regression models of, for example, counts associated with seden-
tary behaviour versus more active behaviour was hampered by the wealth of the
data. The models failed to converge when running on both desktop and server ma-



























































































Figure 6.4: Percentage of counts in each hour that were zero
models using count data directly were poorer than those that used the threshold
approach due to the extreme right-skew of the data. The threshold approach
which circumvented the difficulties of skewed data was therefore applied through-
out. The final multivariable models were based on percentage of time spent being
sedentary, undertaking light activity and being moderately to vigorously active.
As Figure 6.5 demonstrates the counts were dependent on hour of the day and
day of the week so both of these elements were included as candidate covariates.
Both dog purpose and whether the dog was previously reported to run on the
lead were dropped as random effects from the modelling process for reasons which
will be discussed below.
6.3.3 Thresholds
On average, the dogs spent 84.8% (95% CI: 83.8-85.8%) of their time being seden-
tary, 11.3% (95% CI: 10.6-12.0%) engaging in light exercise and 3.9% (95% CI:
3.4-4.4%) engaging in moderate to vigorous exercise. In theory, the non-random
sampling should have been accounted for in these averages but the dog purpose
was not associated with any of the three threshold values and time spent lead
running with the owner prior to sampling was only associated with the time spent
on light activity. Dogs that ran with their owner for more than 30 minutes each










































Figure 6.5: Percentile count plot for each hour. The magenta line shows the
50th percentile, blue the 60th, cyan the 70th, yellow the 80th and red the 90th.


















Figure 6.6: Age distribution of the sampled dogs
30 minutes each day (Table 6.3). This was somewhat surprising because, as dis-
cussed in Section 6.2.5.1, Michel and Brown [2011] worked out their thresholds
for light activity by walking dogs on the lead rather than running.
The averages for groups where differences existed are given in Tables 6.2, 6.3
and 6.4. There were no discernible differences according to whether the dog
spent time in the car, having another dog in the household, taking the collar
off over night or exercise restrictions. In Section 4.3.11 the amount of reported
exercise was shown to increase as the dog aged with dogs over one year reportedly
exercising more than those between six and twelve months and more than those
under six months. Despite this, the accelerometer readings showed that dogs aged
between 12 and 18 months spent a mean of 6.8% less time (median difference =
6.7%) being sedentary than their older counterparts and correspondingly more
time undertaking light and moderate to vigorous activity. After 18 months, the
increase was a mean of 1.2% per year of time spent being sedentary each day.
Dogs from retired households spent less time being sedentary than those from
other household types and Saturday was the most active day.
The exercise types that showed any univariable association with accelerometer
count thresholds are described in Tables 6.5, 6.6 and 6.7. Lead walking was asso-
ciated with both sedentary and light activity levels. In broad terms, it appeared
that the more time spent walking on the lead, the higher percentage time spent
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Table 6.2: Univariable analyses of percentage time spent being sedentary
Variable Coefficient 95% CI P value
Lower Upper
Day of the week 83.60 82.50 84.70
Saturday 0 - - -
Sunday 1.05 0.20 1.90 0.015
Monday 1.67 0.82 2.52 <0.001
Tuesday 1.77 0.93 2.62 <0.001
Wednesday 1.17 0.33 2.02 0.007
Thursday 1.86 1.01 2.71 <0.001
Friday 1.14 0.29 1.99 0.009
Age group 78.90 76.40 81.30
Under 18 months 0 - - -
Over 18 months 6.84 4.20 9.48 <0.001
Household type 80.90 78.10 83.80
Retired 0 - - -
Family 4.59 1.23 7.95 0.008
More than one adult 4.31 1.12 7.50 0.009
Single adult 4.15 0.24 8.06 0.040
being sedentary but this was belied by the dogs that spent over 2 hours walk-
ing on the lead. These animals seemed to spend the least amount of time being
sedentary. It should be noted that only dogs that spent 5-15 minutes walking on
the lead had a significantly different percentage time being sedentary than dogs
who spent over 2 hours walking on the lead. These two categories of time spent
walking on the lead also stand out in terms of light activity. Those in the 5-15
minute category spent 2.6% less time on light activity than those who walked for
over 2 hours.
Time spent off lead was univariably associated with both sedentary behaviour
and moderate to vigourous activity. As might be predicted, the relationships were
inverse. The more time spent off lead, the lower percentage time spent being
sedentary and higher percentage time spent on moderate to vigorous activity.
Dogs that spent over 2 hours off lead each day spent 3% more time doing moderate
to vigorous activity compared to those that spent no time off lead and 5.3% less
time being sedentary.
Like lead walking, fetching, chasing and retrieving was related to time spent
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Table 6.3: Univariable analyses of percentage time spent doing light activity
Variable Coefficient 95% CI P value
Lower Upper
Day of the week 12.10 11.30 12.90
Saturday 0 - - -
Sunday -0.67 -1.36 0.02 0.057
Monday -1.13 -1.82 -0.44 0.001
Tuesday -1.34 -2.03 -0.65 <0.001
Wednesday -0.86 -1.55 -0.17 0.015
Thursday -1.20 -1.89 -0.51 <0.001
Friday -0.51 -1.21 0.18 0.146
Age group 15.50 13.80 17.20
Under 18 months 0 - - -
Over 18 months -4.84 -6.66 -3.02 <0.001
Running with owner*
(minutes per day) 14.30 13.20 15.50
None -3.26 -4.26 -2.27 0.024
Less than 30 -3.05 -3.93 -2.17 0.021
More than 30 0 - - -
Household type 13.30 11.30 15.30
Retired 0 - - -
Family -2.82 -5.17 -0.47 0.020
More than one adult -2.01 -4.25 0.22 0.080
Single adult -2.10 -4.84 0.64 0.136
* Whether the dog ran on the lead with the owner was used as a selection criterion for sampling.
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Table 6.4: Univariable analyses of percentage time spent doing moderate to
vigorous activity
Variable Coefficient 95% CI P value
Lower Upper
Day of the week 4.32 3.72 4.92
Saturday 0 - - -
Sunday -0.38 -0.80 0.05 0.086
Monday -0.54 -0.96 -0.11 0.015
Tuesday -0.43 -0.85 0.00 0.051
Wednesday -0.31 -0.74 0.11 0.150
Thursday -0.66 -1.09 -0.23 0.003
Friday -0.62 -1.05 -0.19 0.005
Age group 5.62 4.24 7.01
Under 18 months 0 - - -
Over 18 months -2.00 -3.49 -0.51 0.009
Household type 5.73 4.22 7.24
Retired 0 - - -
Family -1.77 -3.55 0.01 0.054
More than one adult -2.30 -3.99 -0.60 0.008
Single adult -2.05 -4.12 0.03 0.055
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being sedentary and time spent doing light activity. There was a peak of time
being sedentary in dogs that spent 1-5 minutes fetching, chasing and retrieving
and a similar low point doing light acitivity. If dogs that did no fetching, chasing
and retrieving were excluded, there appeared to be a broad trend that the more
time spent fetching, chasing and retrieving, the less time being sedentary and the
more time spent undertaking light activity.
Time spent doing obedience training appeared to only be associated with
moderate to vigorous activity. It was a distinctly non-linear relationship with
a peak of moderate to vigorous activity levels in dogs that spent 30-60 minutes
daily on obedience training. They nearly doubled their percentage time spent at
these high activity levels when compared to dogs that did no obedience training,
jumping from 3.3% to 6.1%.
Time spent on other exercise was associated with light activity levels. It
appeared that the more time spent on other exercise, the greater percentage time
spent undertaking light activity. Dogs that did other exercise for over 2 hours
had 2.8% more accelerometer readings at the level of light activity than those
that did no other exercise.
Despite efforts to disproportionately sample from the owners who ran with
their dog on the lead, no difference was found between the various amounts of
time spent lead running.
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Table 6.5: Univariable analyses of percentage time spent being sedentary
Variable Coefficient 95% CI P value
Lower Upper
Lead walking 82.30 79.20 85.30
None 1.31 -3.17 5.79 0.572
1-5mins 1.36 -2.29 5.00 0.472
5-15mins 4.08 0.70 7.45 0.025
15-30mins 2.07 -1.28 5.42 0.235
30-60mins 2.23 -0.94 5.40 0.178
1-2hrs 2.90 -0.08 5.88 0.067
Over 2 hours 0 - - -
Off lead 85.90 83.70 88.20
None 0 - - -
5-15mins -0.26 -3.97 3.46 0.894
15-30mins -0.24 -2.89 2.42 0.863
30-60mins -0.45 -2.68 1.79 0.798
1-2hrs -1.54 -3.85 0.76 0.201
Over 2hrs -5.34 -8.04 -2.65 <0.001
Fetching, chasing 86.80 84.60 89.00
& retrieving
None -1.46 -4.01 1.09 0.27
1-5mins 0 - - -
5-15mins -1.75 -4.06 0.57 0.15
15-30mins -2.00 -4.46 0.45 0.12
30-60mins -4.56 -7.44 -1.67 0.005
1-2hrs -3.79 -7.63 0.05 0.064
Over 2hrs -7.33 -14.50 -0.15 0.056
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Table 6.6: Univariable analyses of percentage time spent doing light activity
Variable Coefficient 95% CI P value
Lower Upper
Lead walking 12.60 10.40 14.90
None 0.13 -3.17 3.42 0.941
1-5mins -1.12 -3.82 1.57 0.420
5-15mins -2.61 -5.10 -0.11 0.050
15-30mins -0.70 -3.18 1.78 0.585
30-60mins -0.97 -3.33 1.40 0.430
1-2hrs -1.67 -3.93 0.59 0.157
Over 2hrs 0 - - -
Fetching, chasing 9.37 7.73 11.00
& retrieving
None 1.50 -0.47 3.46 0.148
1-5mins 0 - - -
5-15mins 1.93 0.17 3.69 0.041
15-30mins 1.90 0.03 3.77 0.057
30-60mins 3.85 1.67 6.03 0.002
1-2hrs 3.52 0.63 6.42 0.024
Over 2hrs 4.50 -1.20 10.20 0.133
Other 10.10 8.35 11.90
None 0 - - -
1-5mins 0.53 -1.81 2.87 0.658
5-15mins 1.05 -0.93 3.03 0.308
15-30mins 1.22 -0.82 3.27 0.253
30-60mins 1.51 -0.61 3.64 0.176
1-2hrs 1.33 -1.14 3.79 0.302
Over 2hrs 2.75 0.42 5.07 0.029
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Table 6.7: Univariable analyses of percentage time spent doing moderate to
vigorous activity
Variable Coefficient 95% CI P value
Lower Upper
Off lead 3.03 1.98 4.08
None 0 - - -
5-15mins -0.01 -1.70 1.69 0.993
15-30mins 0.29 -0.90 1.48 0.637
30-60mins 0.42 -0.57 1.42 0.411
1-2hrs 1.37 0.34 2.39 0.015
Over 2hrs 2.97 1.76 4.17 <0.001
Obedience training 3.30 2.47 4.12
None 0.87 -0.11 1.84 0.100
1-5mins 0 - - -
5-15mins 0.83 -0.19 1.85 0.129
15-30mins 0.19 -1.16 1.54 0.786
30-60mins 2.82 1.02 4.62 0.007
1-2hrs 1.33 -0.47 3.13 0.164
Over 2hrs -0.12 -3.49 3.24 0.944
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The final multivariable model for percentage of time spent being sedentary
using all dogs is given in Table 6.8. The random effect of pet had an intercept
standard deviation of 4.81. When building the model using 65 dogs and predicting
the remaining 72 dogs, the correlation between predicted and true accelerometer
readings was a moderate 0.43 (Dancey and Reidy [2004]). Surprisingly, despite
the inclusion of three of the exercise parameters improving the fit of the model,
they did not improve the predicative capacity. The correlation without these
factors remained at 0.43.
All three exercise measures that were univariably associated with sedentary
behaviour remained in the final, multivariable model.
Table 6.8: Multivariable analysis of percentage time spent being sedentary
Variable Coefficient 95% CI P value
Lower Upper
(Intercept) 95.70 92.10 99.30 -
Fetching, chasing
& retrieving
Under 5mins 0 - - -
5-30mins -1.13 -2.74 0.49 0.17
Over 30mins -2.34 -4.46 -0.23 0.03
Off lead
Under 15mins 0 - - -
15mins-2hrs -1.40 -3.56 0.77 0.21
Over 2hrs -4.86 -7.68 -2.05 0.001
Lead walking
Under 5mins 0 - - -
5-15mins 2.59 0.60 4.57 0.01
15mins-2hrs 1.06 -0.74 2.87 0.25
Over 2hrs -0.22 -3.24 2.80 0.89
Household type
retired 0 - - -
family 4.38 1.45 7.31 0.004
more than one adult 3.33 0.54 6.13 0.02
single adult 3.04 -0.42 6.51 0.09
Continued on next page
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Table 6.8: Sedentary multivariable analysis (continued)
Variable Coefficient 95% CI P value
Lower Upper
Dog age
Under 18 months -5.75 -8.04 -3.46 <0.001
Over 18 months 0 - - -
Time of day
Midnight to 1am 0 - - -
01:00- 0.67 -1.05 2.38 0.45
02:00- 0.88 -0.84 2.59 0.32
03:00- 0.78 -0.93 2.50 0.37
04:00- 0.63 -1.09 2.35 0.47
05:00- -1.03 -2.75 0.69 0.24
06:00- -8.57 -10.30 -6.85 <0.001
07:00- -21.00 -22.70 -19.30 <0.001
08:00- -24.50 -26.20 -22.80 <0.001
09:00- -24.20 -26.00 -22.50 <0.001
10:00- -21.40 -23.10 -19.70 <0.001
11:00- -18.00 -19.70 -16.30 <0.001
12:00- -18.70 -20.40 -17.00 <0.001
13:00- -17.20 -18.90 -15.40 <0.001
14:00- -20.10 -21.80 -18.40 <0.001
15:00- -23.80 -25.50 -22.10 <0.001
16:00- -24.90 -26.60 -23.20 <0.001
17:00- -23.00 -24.70 -21.30 <0.001
18:00- -21.10 -22.80 -19.40 <0.001
19:00- -16.10 -17.80 -14.40 <0.001
20:00- -12.10 -13.80 -10.40 <0.001
21:00- -7.45 -9.17 -5.73 <0.001
22:00- -6.42 -8.13 -4.70 <0.001
23:00- -1.99 -3.71 -0.28 0.02
Continued on next page
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Table 6.8: Sedentary multivariable analysis (continued)
Variable Coefficient 95% CI P value
Lower Upper
Day
Saturday 0 - - -
Sunday 1.09 0.17 2.01 0.02
Monday 1.59 0.64 2.53 <0.001
Tuesday 1.58 0.64 2.52 <0.001
Wednesday 1.16 0.22 2.11 0.01
Thursday 1.68 0.73 2.63 <0.001
Friday 0.98 0.03 1.92 0.04
The final multivariable model for percentage time spent doing light activity
using all dogs is given in Table 6.9. The random effect of pet ID had an intercept
standard deviation of 3.58. When building the model using 65 dogs and predicting
the remaining 72 dogs, the correlation between predicted and true accelerometer
readings was a weak 0.28 (Dancey and Reidy [2004]). Surprisingly, despite the
inclusion of fetching, chasing and retrieving and lead walking improving the fit
of the model, their inclusion reduced the predicative capacity. The correlation
without these factors was weak to moderate at 0.38.
The relationship between the two exercise categories and percentage time
spent doing light activity was not linear. In the case of fetching, chasing and
retrieving, when compared to no time spent on the activity, there appeared to be
a general finding that some time fetching, chasing and retrieving was associated
with more time spent doing light activity according to the accelerometer. However
it was only dogs that spent between 30 minutes and 2 hours that were significantly
different to the dogs that did no fetching chasing and retrieving. They spent
approximately 1.9% more time at light activity levels.
The association between lead walking and light activity levels was also com-
plex. Dogs that walked on the lead for more that 2 hours appeared to have the
highest percentage level of time spent on light activity but the difference was only
significant when compared to dogs walked on the lead for 5-15 minutes.
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Table 6.9: Multivariable analyses of percentage time spent doing light activity
Variable Coefficient 95% CI P value
Lower Upper
(Intercept) 2.96 0.65 5.27
Fetching, chasing
& retrieving
None 0 - - -
1-5mins -1.28 -2.87 0.30 0.11
5-30mins 0.40 -0.86 1.66 0.53
30mins-2hrs 1.92 0.38 3.47 0.01
Over 2hrs 4.17 -0.51 8.85 0.08
Lead walking
None -0.32 -3.11 2.48 0.82
1-5mins -0.64 -2.92 1.63 0.58
5-15mins -2.22 -4.29 -0.15 0.04
15-30mins -0.43 -2.48 1.61 0.68
30-60mins -1.25 -3.17 0.66 0.20
1-2hrs -1.51 -3.28 0.26 0.09
Over 2hrs 0 - - -
Dog age
Under 18 months 3.68 2.02 5.35 <0.001
Over 18 months 0 - - -
Day
Saturday 0 - - -
Sunday -0.69 -1.32 -0.06 0.03
Monday -1.14 -1.78 -0.51 <0.001
Tuesday -1.28 -1.92 -0.64 <0.001
Wednesday -0.95 -1.59 -0.32 0.003
Thursday -1.11 -1.75 -0.47 <0.001
Friday -0.47 -1.10 0.17 0.15
Continued on next page
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Table 6.9: Multivariable analysis of light activity (continued)
Variable Coefficient 95% CI P value
Lower Upper
Time of day
Midnight to 1am 0 - - -
01:00- -0.69 -1.87 0.47 0.24
02:00- -0.85 -2.02 0.32 0.16
03:00- -0.71 -1.88 0.46 0.24
04:00- -0.65 -1.82 0.52 0.28
05:00- 0.94 -0.23 2.11 0.12
06:00- 6.52 5.35 7.69 <0.001
07:00- 15.20 14.00 16.40 <0.001
08:00- 16.70 15.50 17.90 <0.001
09:00- 15.70 14.60 16.90 <0.001
10:00- 14.30 13.10 15.50 <0.001
11:00- 12.50 11.30 13.60 <0.001
12:00- 13.10 12.00 14.30 <0.001
13:00- 12.70 11.50 13.90 <0.001
14:00- 14.00 12.80 15.20 <0.001
15:00- 15.70 14.50 16.90 <0.001
16:00- 17.80 16.60 18.90 <0.001
17:00- 17.80 16.60 19.00 <0.001
18:00- 17.00 15.80 18.10 <0.001
19:00- 13.40 12.20 14.60 <0.001
20:00- 10.30 9.12 11.50 <0.001
21:00- 6.63 5.46 7.80 <0.001
22:00- 5.43 4.26 6.60 <0.001
23:00- 1.67 0.50 2.84 0.005
The final multivariable model for percentage of time spent doing moderate
to high activity using all dogs is given in Table 6.10. The random effect of pet
ID had a standard deviation of 2.55. When building the model using 65 dogs
and predicting the remaining 72 dogs, the correlation between predicted and
true accelerometer readings was a weak 0.23 (Dancey and Reidy [2004]). Just
one exercise measure, time spent off lead, improved the fit of the model but its
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inclusion reduced the predicative capacity. The correlation without time spent off
lead was 0.26. All of the time categories for time spent off lead were significantly
different to the reference category which was over 2 hours and it appeared that
the more time spent off lead, the greater the percentage time that the activity
monitor would show moderate to high levels of activity. It that respect, it was
the clearest of the relationships between one of the Dogslife exercise measures
and the activity monitor outputs.
Table 6.10: Multivariable analyses of percentage time spent doing moderate to
vigorous activity
Variable Coefficient 95% CI P value
Lower Upper
(Intercept) 2.55 1.00 4.09
Off lead
None -3.42 -5.21 -1.63 <0.001
5-15mins -3.17 -5.30 -1.03 0.004
15-60mins -2.83 -4.00 -1.66 <0.001
1-2hrs -2.01 -3.16 -0.87 <0.001
Over 2hrs 0
Dog age
Under 18 months 1.68 0.36 2.99 0.013
Over 18 months - - - -
Continued on next page
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Table 6.10: Multivariable analysis of moderate to vigorous activity (continued)
Variable Coefficient 95% CI P value
Lower Upper
Time of day
Midnight to 1am 0 - - -
01:00- -0.07 -1.60 1.46 0.93
02:00- -0.12 -1.64 1.41 0.88
03:00- -0.16 -1.69 1.36 0.83
04:00- -0.09 -1.61 1.44 0.91
05:00- 0.01 -1.52 1.53 0.99
06:00- 1.81 0.28 3.33 0.021
07:00- 5.42 3.89 6.95 <0.001
08:00- 7.74 6.21 9.26 <0.001
09:00- 8.51 6.98 10.00 <0.001
10:00- 7.15 5.62 8.68 <0.001
11:00- 6.03 4.51 7.56 <0.001
12:00- 5.37 3.84 6.90 <0.001
13:00- 4.82 3.29 6.34 <0.001
14:00- 6.71 5.18 8.24 <0.001
15:00- 8.73 7.20 10.30 <0.001
16:00- 6.87 5.34 8.39 <0.001
17:00- 5.18 3.65 6.71 <0.001
18:00- 3.67 2.14 5.20 <0.001
19:00- 2.51 0.99 4.04 0.001
20:00- 1.88 0.35 3.41 0.016
21:00- 0.75 -0.78 2.27 0.34
22:00- 0.77 -0.76 2.29 0.33
23:00- 0.25 -1.28 1.78 0.75
6.4 Discussion
There is a wealth of evidence regarding the benefits of regular physical exercise
and in 2002, exercise was discussed extensively in a World Health Report regard-
ing the promotion of a healthy life (World Health Organisation [2002]). In order
212
to understand the drivers of wellbeing in the Dogslife cohort, it was important
that data were captured that described the dogs’ exercise regimes. The Dogslife
exercise data were described in Section 4.3.11 and in this chapter, a sample of
Dogslife data have been compared with a accelerometer data similar to that col-
lected in multiple other studies (for example, Hansen et al. [2007]; Dow et al.
[2009]; Michel and Brown [2011]; Wrigglesworth et al. [2011]; Morrison et al.
[2014]). The aim was to determine whether Dogslife exercise data could be cor-
related with measures used more widely in exercise and activity studies and the
degree of success is discussed below.
As described in Section 4.3.11, the exercise section of the Dogslife question-
naire relates to a mean of 157.5 minutes and a median of 128.7 minutes per day.
This is just 2.5 of 24 hours per day (10%). During each 24 hours, accelerome-
ters placed on the collar will pick up movement such as that caused by the dog
scratching its neck and travelling in a car. These activities were not accounted
for in the data collected from owners. Despite this, five of the six Dogslife exer-
cise measures were univariably associated with the percentage of accelerometer
counts that met predetermined thresholds and four of the six remained associated
in multivariable models that accounted for a variety of other factors.
In addition to the question regarding exercise restrictions, the exercise section
of the Dogslife questionnaire offered owners seven categorical time options that
related to six exercise types over weekends and weekdays. With accelerometer
readings for 137 dogs, perhaps it was optimistic to think that clear associations
would be found with such a large set of possible answers. Nevertheless, asso-
ciations were found between certain activities and percentage time spent being
sedentary, doing light activity and undertaking moderate to vigorous activity. For
example, a dog that spent over 2 hours off lead each day would have accelerome-
ter readings that showed a relatively high percentage of time doing moderate to
high activity levels and relatively low time being sedentary. If the dog also spent
over 30 minutes fetching, chasing and retrieving and low, but non-zero, amounts
of time walking on the lead, their time being sedentary would drop further. It
was a positive finding that answers to the exercise section of the Dogslife ques-
tionnaire were clearly associated with accelerometer count thresholds determined
in previous studies.
It was surprising to find that time spent running on the lead was correlated
with light activity. The original study by Michel and Brown [2011] determined
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this cut-off by walking with 104 dogs along the same flat path for three minutes
each and distinguished this activity from the dog lying down and trotting along
the same path. The dogs had a wider range of breed, size and age than the
Dogslife cohort so perhaps the threshold levels were not ideal for a cohort of
young LRs. The UK-wide nature of the Dogslife cohort make it difficult to
determine Dogslife-specific thresholds via similar standardised testing so applying
previously published thresholds seemed a sensible strategy. Given that reasonable
correlations were found between the thresholds and questionnaire answers, the
approach was vindicated. Nevertheless, the correlation between running on the
lead and time spent doing light activity remains inexplicable. Perhaps Dogslife
owners who run with their dogs for at least 30 minutes run at slower speeds than
the dogs that trotted along a flat path for three minutes. Certainly it highlights
the difficulties of standardising exercise in uncontrolled settings.
The issue of the age of the cohort was crucial in the finding that dogs under
18 months of age were so much less inactive than dogs over 18 months; a mean
difference of 6.8%. The thresholds were originally developed using dogs that
ranged from one to twelve years of age and the authors reported that the median
percentage of time spent being sedentary increased linearly by 0.9% for each year
of age (Michel and Brown [2011]). They did not mention any change in rate
between one and two years of age. Given such a large change, in the future, more
attention should be paid to the age of dogs contributing to thresholds. Work
should also be undertaken to investigate activity in dogs under one year of age
in order to complete the picture of how activity changes with age.
The disappointing element of this validation exercise is the predictive capacity
of the models that have been built. Including owner reports of exercise according
to the Dogslife questionnaire either made no difference or reduced correlations
between predicted and true percentages of time at each of the activity levels.
This finding may be indicative of model over-fitting but may also be a result of
modelling something complex with just 137 dogs. Interestingly, the predictive
capacity of the models was best for sedentary behaviour which took up an av-
erage of 85% of each day. One might have imagined that the exercise section of
the Dogslife questionnaire would best relate to light and moderate to vigorous
activity. Instead it appeared that, with the exception of walking on the lead,
more time undertaking various activities according to Dogslife correlated with
reduced time being inactive according to the accelerometers.
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Despite the lack of predictive power with regard to accelerometer counts,
the models above do show associations. The Dogslife findings build on work by
Morrison et al. [2014] using different accelerometers previously validated by Yam
et al. [2011]. They found that dog age and breed were correlated with sedentary
and moderate to vigorous activity but just age was correlated with light activity.
Neuter status, sex of the dog and body condition score were not correlated with
the accelerometer thresholds. The new Dogslife findings mean that the type of
household where a dog lives can be added as a correlate to accelerometer readings
for sedentary behaviour.
Beyond these relatively stable features, it has now been shown that aspects
of the exercise section of the Dogslife questionnaire correlated with accelerometer
readings. Previous work has also shown that the exercise section of the Dogslife
questionnaire relate to dog weight (Table 4.7) and to a variety of demographic
characteristics (Table 4.8). As such, the questionnaire remains a valuable tool for






In 1997, a series of letters were exchanged in the Veterinary Record regarding
dogs with symptoms which the author of the first letter described as “acute onset
paralysis of the tail (frozen tail or limber tail)” Hewison [1997]. The first letter
detailed cases in two young LRs and one Flat-Coat Retriever and mentioned that
onset followed “swimming in, or showering with, cold water”. Subsequent letters
by Jeffels [1997], Wilkins [1997] and Steiss [1997b] described similar cases that
they had seen and Wilkins was the first to mention that the signs included a
“painful tailbase”. The consensus was that the signs typically followed exercising
in cold water and that they resolved after a period of as much as 10 days. Wilkins
mentioned that the condition was called “Rudder tail” in Norfolk and that the
cases they had seen all involved LRs during shooting season.
In 1999, a Norwegian study (Bredal and Thoresen [1999]) for which only the
abstract was available in English suggested that limber tail was caused by myosi-
tis (inflammation and degeneration of muscle tissue). This was consistent with
the findings of a small study of English Pointers (Steiss et al. [1999]) compar-
ing four case dogs with three controls which came from the same kennels. The
study involved assessing serum biochemistry, electromyography, imaging (using
a variety of methods), thermography and histopathology. All affected dogs had
flaccidity of the tail, raised creatinine kinase levels indicative of myopathy and
evidence of coccygeal muscle damage.
In a wider report on muscle disorders in working dogs (Steiss [2002]), limber
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tail was described as a condition characterised by a flaccid tail which either hung
from the base or extended horizontally for a short distance before hanging. The
dogs would typically recover spontaneously within a few days to two weeks and
anecdotal evidence indicated that nonsteroidal anti-inflammatory drugs might
speed recovery. The author referred back to their previous works (Steiss and
Wright [1995]; Steiss [1996]; Steiss [1997a] and Steiss [1997c]) which apparently
included a survey of 113 owners of over 3,000 hunting dogs in the Southeastern
USA. The findings from this study have been widely paraphrased online but
the original articles are not available as they were published in magazines which
cannot now be retrieved. An attempt was made to contact the first author but,
as of September 2015, the works remain unavailable. As such, it is difficult
to comment on their content and in particular, there is no was of assessing the
methodology and any resulting prevalence of the condition in what was apparently
a large study.
The first reported prevalence of the condition came in 2008 from a conve-
nience survey of lameness and injury involving over 1,300 working dogs across
two hunting seasons in 2005-2007 in Great Britain (Houlton [2008]). Just three
of 613 LRs and one of 66 Flat-Coat Retrievers were reported to suffer from ‘cold
tail’ in the study, resulting in an estimated risk of 0.49% in this group of working
LRs.
This condition, which will henceforth be referred to as limber tail, appears
to be self-limiting, with a low prevalence. Nevertheless, the condition was noted
by the Dogslife team as an ‘illness’ that was being reported to the project with
moderate frequency, and it was an issue that had particular relevance to LR.
The aim of this chapter was to start using the wealth of illness and lifestyle data
collected to focus on a specific illness. Given the large number of dogs involved in
Dogslife, even low prevalence illnesses would start to be seen in reasonable num-
bers. With sufficient reports of limber tail, it should be possible to characterise
the condition in the cohort and undertake risk factor analyses. In addition, if
sufficient genetic samples were available, it might also be possible assess whether
genetic predispositions underlay reports.
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7.2 Methods
In Summer 2014, Dogslife data regarding dogs that had a VeNom coded diag-
nosis of limber tail prior to 31st December 2013 were examined. They did not
appear unusual in terms of their demographic characteristics and were split evenly
between males and females. A preliminary genetic analysis was undertaken com-
paring these cases with a group of controls. The controls were chosen from the
same group of dogs (discussed throughout this thesis) that had taken part in
Dogslife prior to 2014 and they were chosen according to their time at risk in the
project. They had to have been part of the project for at least as much time as
the cases when their signs of limber tail were reported.
An initial GWAS was undertaken based on 16 cases and controls and multiple
promising areas of the genome were identified. There was an awareness that, due
to under-reporting, some of the controls might be affected by limber tail but the
owner might not have reported their true case status. There was also an awareness
that limber tail is typically considered to have environmental causes that would
not be captured by the normal Dogslife questionnaire, for example, swimming.
As such, more detailed analyses would require extra information. Ideally, the
analyses would also be based on a larger sample because 16 cases and controls
provides limited power to find associations, both in terms of lifestyle factors but
particularly if it was not a monogenetic disorder with complete penetrance.
In June 2014, the Dogslife newsletter included an article about histiocytoma
and limber tail in the hopes of generating interest, reports and samples from par-
ticipating owners (http://www.dogslife.ac.uk/newsletter/view/48 ). The project
administrator was contacted by owners of pedigree LRs that were not part of the
Dogslife project but who had suffered from limber tail. In order to increase the
numbers of samples available for genetic analyses, these owners were asked for
genomic DNA in the form of saliva samples. The dogs were typically too old to
join the project but belonged to participating members or their friends or family.
In addition, colleagues of the project team supplied samples from their dogs.
In May 2015, controls were chosen for all of the cases that had been reported
to Dogslife with a VeNom coded diagnosis of limber tail. The aim was to contact
the owners of the cases and controls and ask them to complete a questionnaire
about signs of limber tail and exposure to swimming. The controls were again
chosen on the basis that they had spent as much time as part of Dogslife as the
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cases (at the time of reporting limber tail signs). In this work, live data were
used in order to capture all cases reported to Dogslife in nearly five years of data
collection. The potential controls were not chosen at random but instead were
preferentially chosen from those dogs that had already contributed DNA samples
as described in Section 2.2.4. DNA samples were not available for some reported
cases so, if the project administrator was able to contact the owners of these dogs,
in addition to asking them to complete a questionnaire, they were also asked if
they would provide a saliva sample.
When an owner agreed to take part, they either completed a questionnaire over
the phone or were emailed or sent a questionnaire in the post. The questionnaires
are available in Appendix 8. The cases were sent one version (Figure A17) and
the potential controls were sent another (Figure A18). The aim was to better
describe the signs of limber tail and ensure that dogs selected as possible controls
were not previously unreported cases.
7.2.1 Statistical Analyses
The numbers of dogs reported to Dogslife with signs of limber tail were charac-
terised. Risks were reported with 95% binomial CIs and rates with 95% poisson
CIs, both using base R (R Core Team [2013]). The demographic characteristics
of these cases and the timing of the limber tail reports were described.
The success of recruiting dogs to the case-control study were described. Dogs
initially chosen as potential controls had their case-control status assessed accord-
ing to the questionnaire answers and, where necessary, controls were re-assigned
as cases. The number of different signs associated with limber tail were reported.
Exposures reported to occur prior to the onset of signs of limber tail, the number
of incidents per dog, the duration of signs and the owner’s perception of the dog’s
pain and quality of life were detailed.
The sex, age, coat colour, height, weight, Dogslife exercise reports, household
type, location, owner smoking status and dog purpose were compared between
cases and controls. Fisher’s exact tests were performed using the exact2x2 pack-
age for 2x2 tables (Fay [2010]) and the base package for larger tables in R. Weight
and exercise were cleaned as described in Chapter 4 but the heights were cleaned
manually rather than applying the probabilistic approach. Time spent exercis-
ing was treated as a continuous variable created by taking the mid-point of the
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time categories, as described in Section 4.2.9. Height, weight and exercise have
been shown to depend on age and a variety of other factors (Sections 4.3.9, 4.3.10
and 4.3.11). As such, they were initially examined graphically and at specific ages
before linear mixed models were built in the nlme package (Pinheiro et al. [2013]).
These models provisionally included dog age (as a linear and categorical predic-
tor), dog sex, coat colour (in the weight model), dog purpose and case-control
status.
In order to assess the degree of relatedness in the cases and controls, permu-
tation testing was undertaken whereby 10,000 samples of dogs the same size as
the number of cases and controls were chosen at random from all Dogslife dogs
and the number of different sires and dams contributing to these samples was
determined. These values were compared with the number of sires and dams
that contributed to the cases and controls.
Swimming behaviours were described and answers given for cases and controls
were compared. Again Fisher’s exact test were used.
7.2.2 Genetic Analyses
DNA was extracted from the saliva samples by Ailsa Carlisle, Roslin Institute.
The samples were sent to Edinburgh Genomics and genotyped using the Illumina
CanineHD Whole-Genome Genotyping BeadChip. The chip surveys over 170,000
sites on the dog genome, associated with SNPs. The data was filtered to exclude
SNPs with minor allele frequency <0.05, genotype call rate <0.95 or those that
were not in Hardy-Weinberg equilibrium (significance set at 0.0001). Individuals
with DNA samples that failed to type for at least 90% of SNPs were also excluded.
Beyond the individuals mentioned in Section 7.2 above, genotype data were
also available for a number of LRs that were not part of the Dogslife project.
These dogs had been genotyped as part of other work by the Summers and
Schoenebeck groups at the Roslin Institute. There were also a number of Dogslife
dogs for whom saliva samples were available but whose owners had not been
contacted regarding the limber tail questionnaire. Despite the potential for these
dogs to have had limber tail, they were treated as extra controls in a GWAS.
The filtering and GWAS were initially performed using Plink 1.07 (Purcell et al.
[2007]). A relationship matrix using all of the cases and controls was built using
GEMMA (Zhou and Stephens [2012]) and then, also in GEMMA, a GWAS was
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undertaken as a linear mixed model. The inclusion of the relationship matrix
adjusted for underlying correlations in the population structure.
The results were presented as a Manhattan plot to compare with Bonferoni-
adjusted significance levels at both genome and chromosome levels. Candidate
regions were identified and genes in those regions were examined using the En-
sembl browser (http://www.ensembl.org/index.html)(release version 81, Cunning-
ham et al. [2014]) and GeneCards (http://www.genecards.org). Pubmed was
searched using the gene code and the words ‘muscle’ or ‘myopathy’ and genes
found to be associated with inflammation, mitochondrial function or energy syn-
thesis were reported (http://www.ncbi.nlm.nih.gov/pubmed). Typically the genes
had been investigated in humans or mice so the information could only be con-
sidered as guides to what might be happening in dogs.
7.3 Results
Dogslife received reports of 22 dogs with limber tail in the first three and a half
years of the project. In terms of risk, that is 22 of 3,249 dogs with associated
data (0.68%; 95% CI: 0.42 - 1.0%) and 1.05% (95% CI: 0.66 - 1.6%) of those
with an illness report. If the incidents were considered to be instantaneous, it is
equivalent to 7.7 (95% CI: 4.9 - 11.5) incidents per 1000 dog years (considering
the total time at risk). Of these, four dogs had two episodes but the remaining
18 had just one. Twelve of the dogs were female, ten were male. Fourteen of the
dogs were neutered, and of these, nine were neutered prior to their first instance
of limber tail (4 male, 5 female). The dogs were predominantly household pets
(20) but there was also one working dog and one multi-purpose dog.
By June 2015, the reported incidents of limber tail had increased to 50 as-
sociated with 39 dogs. Thirty-one dogs had one reported incident, six had two
incidents, one had three and one had four. There were 22 females and 17 male
dogs of which 18 and nine respectively had been neutered although only nine and
seven were neutered before their first incident of limber tail. Their coat colours
were black (25), yellow (6), chocolate (6), fox red (1) and other (1). They were
predominantly household pets (34) but there were also four working dogs and
one multi-purpose dog. They came from households that were described as more






























Figure 7.1: Ages of the dogs when they were reported to have developed limber
tail
When the dogs had their first reported incident of limber tail, they had a
mean age of 25.5 months, median 19.7 months and range 9.6 - 60.0 months. The
distribution of ages for all reported incidents is shown in Figure 7.1 and the timing
of each is shown in Figure 7.2.
7.3.1 Case-control study
Two hundred and twenty eight dogs were chosen to potentially be part of the case-
control study comprising 39 cases and 189 provisional controls. Between June and
August 2015, the project administrator attempted to contact 169 owners (33 cases
and 136 controls) to ask them to complete the tail health questionnaires. Owners
of five of the case dogs had previously been contacted to try to collect DNA
but had not replied and the sixth owner had recently mentioned to the project
administrator that she was temporarily unable to participate.
The success of the various contact methods are shown in Figure 7.3. In total,
121 of 169 questionnaires were completed (71.6%, 95% CI: 64.1 - 78.2%). As with
the collection of veterinary records (Section 3.2.2), those who gave Dogslife per-
mission to contact them by telephone were more likely to get positively involved
with 75 (42 + 16 + 15 + 2) of 93 questionnaires completed. The success rate



















Figure 7.2: Time of year of reported limber tail incidents
Figure 7.3: Success and failure of obtaining limber tail questionnaire answers
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those that did not give permission for telephone contact (irrespective of whether
the project administrator were able to reach the owner by phone). Many own-
ers left elements of the questionnaire unanswered so the project administrator
recontacted these owners to collect the missing information.
7.3.2 Case Definition
Owners of 29 dogs previously reported to have had limber tail returned their
questionnaires and an additional 12 dogs originally chosen as potential controls
were reported to have one or more of the signs associated with limber tail. It is
fascinating that of 92 potential controls, 12 were unreported cases because this
suggests a risk of 13% amongst the cohort, which is far higher than all previously
reported estimates. Interestingly, despite the wealth of data, it was difficult to
create a case definition based on reported signs. We had previously assumed
that the cases would all have limp tails but the owners of three of the dogs (one
already reported to Dogslife as a case and two initially selected as controls) did
not report limp tails (neither the end nor the entire length). All three had stiff
tail bases which might be indicative of other problems not necessarily associated
with limber tail. The owner of a dog whose tail was stiff at the base with a
limp length said that they believed the dog had a problem with their anal glands
rather than limber tail (ID = 171). In the absence of veterinary examination,
all 41 dogs that had any of the signs were considered to be cases but analyses
were repeated with and without these four dogs that had somewhat ambiguous
case-control status.
The details of the signs reported are shown in Figure 7.4 with stiff base of the
tail the most frequently reported sign. There was inconsistency from owners who
answered ‘no’ to the pain question but then gave a non-zero answer to the pain
score. The project administrator explained that the phrasing of the pain question
was the issue. The question was “What does you dog’s tail look like when the
episodes occur? It appears painful for no reason (Yes/No)”. Apparently for
owners that believed their dog had limber tail and thought the tail was painful,
this was sometimes answered as ‘no’ because they knew why it was painful. Just
two owners reported a pain score of zero (no pain) and another three owners gave
a pain score of one. By contrast, there were six dogs that had a pain score of ten,

































yes no unsure sometimes
Figure 7.4: Answers regarding signs of reported limber tail
(95% CI: 4.8 - 6.7) and one owner mentioned their dog howling with pain so it
was clearly a very painful condition in some cases.
The majority (23) of the dogs had just one episode but nine dogs had two
episodes, six had three, two had four and one dog was reported to have 30
episodes. The owner of this last dog had not reported any of them via the online
Dogslife questionnaire.
In terms of duration, there was a lot of variation, both between dogs and
between incidents for individual dogs. In all four cases where the owner gave
different durations for different episodes, the later episodes were shorter. Overall,
the shortest episode lasted just a couple of hours and the longest was reported
to last about 10 days. If just the first incident for each dog was considered and
‘a few days’ was considered to be three days, ‘a week or more’ was considered
to be nine days and a few hours was considered to be 0.25 days then the mean
duration was 3.7 days (95% CI: 3.0 - 4.4 days).
Despite owners mentioning relatively high levels of pain, the impact on quality
of life was lower with a mean of 3.9 (95% CI: 2.9 - 4.9). The relationship between
pain, quality of life, duration of signs and reported number of episodes is shown
in Figure 7.5. Duration of signs and reported number of episodes do not appear
to explain why some owners who reported high pain scores gave lower scores for

















Episodes 1 2 3 4 30
Episode
Duration  under 2 days 2−6 days 7+ days
Figure 7.5: Relationship between pain, duration of signs, number of episodes
and impact on the dog’s quality of life
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Owners were asked whether the episodes followed swimming, cold weather,
wet weather, vigorous exercise or time confined in a crate. The most frequent
precursor was swimming (29), followed by cold weather (20), vigorous exercise
(18 and another 3 unsure), wet weather (11 and another 2 unsure), and finally
confinement (5 crate, 1 car, 1 unsure). There was no obvious overlap between
swimming and cold weather or any other groups of activities. None of the ac-
tivities was a necessary precursor to limber tail and three of the dogs had done
none of the five activities in advance of the onset of signs. To paraphrase these
owners, they thought that the signs in their dogs were caused by ‘no apparent
reason’, ‘over excited wagging’ and ‘suspect banged tail when wagging vigorously
or maybe reaction to vaccination the previous day’. One of these three dogs was
also one of the dogs that did not have any limpness of their tail but the other
two both had entirely limp tails. More broadly, 16 of 41 owners wrote something
when asked whether they would like to say anything about limber tail. Eight
mentioned that they felt it was associated with swimming or water-based play,
seven mentioned over-exertion or over-excitement, four mentioned that the dog
may have banged their tail and three mentioned vigorous tail wagging.
7.3.3 Case control comparisons
Data were extracted from the Dogslife database relating to the cases and controls
assigned via questionnaire as discussed above. The cases comprised 21 females
and 20 males compared to 37 female and 43 male controls. The mean age of
the cases on 19th August 2015 was 4.41 years (95% CI: 4.36 - 4.46 years) which
was lower than the average age of the controls at 4.62 years (95% CI: 4.60 - 4.64
years). This would be expected given that the potential controls were initially
chosen on the basis that they had to have been part of Dogslife for at least as
long as the cases.
The sires and dams of the cases were considered to see how many parents
contributed to the group of 41 dogs. Each case had a different dam but there
were just 36 sires; three sires that contributed two cases each and one sire had
contributed three of the case dogs. Samples of 41 dogs were chosen at random
from the entire Dogslife database 10,000 times, only in 48 instances did a sire
contribute three or more of those 41 individuals (0.0048). By contrast, the 80
controls had 75 sires in total with five sires contributing two controls each. One
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dam contributed two controls to the group of eighty with the remainder coming
from 78 dams who each contributed one of their offspring. If 80 dogs were re-
peatedly drawn at random from the Dogslife cohort then 2,520 of 10,000 samples
had dams that contributed two or more offspring. It appears that the cases were
more related to each other than might be expected from a random selection but
the controls were not.
The coat colours for the cases and controls respectively were black (24 and
42), yellow (7 and 20), chocolate (6 and 17), fox red (2 and 1) and other (2 and
0). They came from households that were described as comprising more than
one adult (19 and 35), families (13 and 27), retired (5 and 11), single adults
(2 and 7) and unreported (2 and 0) for cases and controls respectively. Within
these households, four case dogs and 11 controls came from smoking households
compared to 35 cases and 69 controls from non-smoking households (data were
missing about smoking for two case dogs). The dogs came from England (31 and
68), Scotland (9 and 10), Wales (1 and 0) and NI (0 and 2) for cases and controls
respectively. There were no differences between the cases and controls in terms
of these demographic factors.
By contrast, there did appear to be a disproportionately high numbers of
working dogs amongst the cases. The cases and controls were described respec-
tively as household pets (35 and 77), working dogs (5 and 2), gundog and pet
(1 and 0) and co-counsellor (0 and 1). The odds ratio of a case being a working
dog was 5.3 (95% CI: 1.1 - 39.5; Fisher’s exact test, P = 0.04) compared to not
being a working dog. If the four dogs with less clear phenotypes were excluded
as cases, the odds ratio increased to 6.0 (95% CI: 1.2 - 44.4; Fisher’s exact test, P
= 0.03) because all of those ‘cases’ were household pets. If the dog described as
a gundog and pet was treated as a working dog and the four unclear cases were
excluded then the odds ratio was 7.4 (95% CI: 1.2 - 53.2; Fisher’s exact test, P
= 0.01).
There were 977 cleaned heights and 2,169 cleaned weights available for com-
parisons. Each dog contributed at least one height and three weights and there
were no gross differences between the heights and weights of the cases and con-
trols. After the dogs reached one year of age, the female cases had a mean height
of 54.1cm (95% CI: 53.9 - 54.3cm) and the controls had a mean height of 54.1cm
(95% CI: 54.0 - 54.2cm). The male cases had a mean height of 59.0cm (95%


























Figure 7.6: Distribution of heights for cases and controls (all ages)
of 57.7cm (95% CI: 57.6 - 57.9cm). A plot of the distributions of 977 heights
for all ages is shown in Figure 7.6. Linear mixed models with height as the re-
sponse variable and including the sex, case-control status and age of the dogs
(as both linear and categorical factors) showed no difference between case and
control status (details not reported).
The mean weights after the dogs reached one year of age were 26.1kg (95%
CI: 26.1 - 26.1kg) for female cases and 26.5kg (95% CI: 26.5 - 26.6kg) for female
controls. There was no difference between the means of the male cases and
controls; the cases had a mean weight of 31.4kg (31.4 - 31.5kg) and the controls
had a mean weight of 31.5kg (95% CI: 31.5 - 31.5kg). The distribution of weights
for all ages is shown in Figure 7.7 and, whilst the distributions do not precisely
overlap, results of linear mixed models again indicate that there was no difference
in weights between the cases and controls.
Across all ages, the mean total time spent exercising for the cases was 173 min-
utes (95% CI: 148 - 198 minutes) which was indistinguishable from the time spent
by controls 162 minutes (95% CI: 131 - 193 minutes). Results of the modelling
process indicated that, for ‘other’ exercise and time spent ‘off lead’, the models
might be improved by including an interaction term between case-control status
and dog age. The details are not reported because only two of over 50 tested in-

























Figure 7.7: Distribution of weights for cases and controls (all ages)
Table 7.1: Associations between limber tail incidence and reported swimming
All cases Four cases excluded
Case Control Case Control
Swims 38 63 35 63
Does not swim 3 17 2 17
Fisher’s exact test p = 0.07 p = 0.03
different at the 5% level. If there was a genuine difference between the cases and
controls, it was ambiguous when considering 41 cases and 80 controls, indicating
that it was not of overwhelming importance.
7.3.3.1 Swimming analyses
The questionnaire sent to owners of cases and controls included identical questions
regarding swimming and, depending on which cases were included in the analysis,
it appeared that cases were more likely to swim when compared with controls
(Table 7.1). Again, depending on which cases were considered, they were also
more likely to only swim in warm water or avoid swimming in cold water when
compared with controls (Table 7.2). This ties in with the reports from owners
regarding what they do to try to avoid future incidents of limber tail.
All owners who reported signs of limber tail were asked if they did anything
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Table 7.2: Associations between limber tail incidence and reported swimming
temperature
All cases Four cases excluded
Case Control Case Control
Warm only 13 10 11 10
All temperatures 25 53 24 53
Fisher’s exact test p = 0.05 p = 0.1
with their dog to avoid future incidents. Seventeen owners said they did, sixteen
said they did not, four were not sure because their dog had only had one incident
and four did not answer the question; this latter non-answer was assumed to be
‘no’. Two of the owners who said they did not know how to avoid the incidents
nevertheless reported their attempts. The first indicated that when they recog-
nised the symptoms the second time it happened to their dog, they immediately
enforced rest and that the symptoms resolved within hours. The second owner
mentioned that they kept their dog out of cold water in the hope that it might
reduce the risk of future incidents. Beyond these two owners, 17 reported their
strategies for avoiding limber tail. This included seven who limited access to wa-
ter or swimming (specifically in cold water for five of the seven), four who avoided
water or swimming altogether in cold weather, three who dried their dog after
exposure to water and one owner tried to ensure that the dog swam regularly but
for short amounts of time to maintain conditioning and prevent over-exertion.
One of the owners who dried their dog also explained that they tried to prevent
their dog over-exerting itself. Finally, the owner who said that their dog had a
problem with its anal glands rather than limber tail said that they could avoid
the symptoms if they got the glands emptied.
A great deal of detailed information were collected about where, how often
and when the dogs swam or were exposed to water. The most popular location
was rivers (58 of 121) followed by ponds, lakes, lochs or reservoirs (55 of 121)
then the sea (51 of 121), then becks, burns, brooks or streams (16 of 121), canals
(6 of 121), puddles (4 of 121), hydrotherapy or dog pools (4 of 121) and bogs
(1 of 121). The frequency of swimming according to the temperature is shown
in Table 7.3 and unsurprisingly the dogs swim less frequently in cooler weather.
The answers for cases and controls were statistically indistinguishable from each
other at the 5% level but that may be due to low numbers in some categories.
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Table 7.3: Number of dogs with reported frequency of swimming according to
temperature and/or time of year
Daily At least Up to More than Rarely
3 times 3 times once or
per week per week per month occasionally
Warm/Summer 20 16 27 8 29
Cold/Winter 13 15 25 14 32
7.3.4 Genetic Analyses
SNP data were available for 142 LRs. They comprised 73 females, 64 males
and five for whom the sex was not reported. One hundred and eight of the
dogs were part of the Dogslife project and tail health questionnaires had been
completed by 75 owners. In terms of cases and controls, there were 42 possible
cases (38 Dogslife, 4 non-Dogslife) but this included ID = 171 and the three dogs
with no limpness of the tail (see Section 7.3.2). For the GWAS analyses, the
case definition was as follows: Reported to Dogslife as having suffered limber
tail (either as a Dogslife participant or via the project administrator) and, if a
questionnaire was completed, there was tail limpness and the owner did not have
another explanation for the limber tail signs (such as an anal gland problem).
This definition was determined through initial examination of the answers to the
questionnaire. According to these criteria, there were 38 cases and 104 controls
of which 34 cases and 41 controls had completed the tail health questionnaires.
The filtering process reduced the number of SNPs to 111,315 and Figure 7.8
is the Manhattan plot of the GWAS run in GEMMA. These results have been
adjusted for underlying relatedness between the dogs.
No SNPs were significant at the Bonferroni-corrected significance level of P
<4.49e-07 but there were suggestive hits on chromosomes 6 and 30. Figures 7.9
and 7.10 show the chromosomes in more detail and include Bonferroni-corrected
significance lines at the chromosome level.
The genes which have been characterised in those regions were examined and
some possible genes of interest are summarised in Table 7.4. Their positions are
reported according to the Ensembl CanFam3.1 assembly.
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Figure 7.8: Manhattan plot of limber tail GWAS (38 cases, 104 controls).
Population structure has been accounted for. Bonferroni-adjusted genome-wide























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 7.9: Manhattan plot of limber tail GWAS (chromosome 6 only).
Bonferroni-adjusted genome-wide significance (red line) and chromosome-wide

































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 7.10: Manhattan plot of limber tail GWAS (chromosome 30 only).
Bonferroni-adjusted genome-wide significance (red line) and chromosome-wide
significance (blue line) thresholds are shown.
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Table 7.4: Genes of interest with regard to limber tail
Gene Code Position Putative Function
Chromosome 30
AQP9 23,224,837 Encodes membrane protein. Involved in
forward strand transport of glucose.
ADAM10 23,607,888 Metalloproteinase-disintegrins. Involved
reverse strand in inflammatory response.
TLN2 27,257,989 Encodes cytoskeletal protein. Involved in
forward strand determining skeletal muscle morphology.
ADPGK 36,115,308 Found in mitochondria. Catalyses
reverse strand phosphorylation of glucose to
glucose-6-phosphate.
NPTN 36,845,157 Encodes transmembrane immunoglobulin
reverse strand protein involved in cell-cell interactions.
Also thought to interact with NDUFV2
which codes for a mitochondrial catalyst.
CYP11A1 37,475,246 Localised on mitochondrial inner membrane
reverse strand and associated with synthesis of lipids.
SEMA7A 37,531,889 Encodes protein that binds to cell surfaces.
reverse strand Promotes production of proinflammatory
cytokines.
ARID3B 37,640,641 Regulates transcription. Possible role in
forward strand cell cycle and apoptosis.
CYP1A1 37,793,073 Encodes protein associated with lipid
reverse strand synthesis and iron ion binding.
CYP1A2 37,818,419 Encodes protein associated with lipid
forward strand synthesis. Linked to metabolic pathway
and iron ion binding.
Chromosome 6
GLMN 56,643,620 Encodes a phosphorylated protein.




This case-control study is the first example of what might be achieved with the
Dogslife cohort for illnesses that are often not presented to veterinarians and
which are poorly understood. Swimming has been confirmed as a risk factor
for limber tail and working dogs have been shown to be more likely to suffer
from the condition. The genetic analyses are not definitive and future work will
be discussed below but, at this stage, it is possible to say that limber tail is
probably not the result of a mutation of a single gene with full penetrance.
The decision to use a questionnaire to collect extra information and confirm
case/control status was important. The data were not collected contemporane-
ously so they would be subject to all of the issues of a normal case-control study
such as recall bias and difficulties with inferring causality but the extra informa-
tion was invaluable and under-reporting was confirmed. Indeed, an initial risk
of 0.68% according to data captured until 31st December 2013 was rapidly su-
perseded by the risk in the provisional controls of 13%. The potential controls
were considerably older than the cohort that contributed to the 0.68% risk which
included dogs of just a few months of age but 13% was an unexpectedly high
value. Whilst it is disappointing that so many of the controls were actually cases
that owners had not reported, it reveals a previously unsuspected burden of the
condition. Limber tail in LRs is not rare and, given the apparent levels of pain
reported, a greater understanding of how to avoid the condition is important.
It is difficult to speculate why owners who are otherwise involved in the project
might not report limber tail. Validation indicated that 22% of veterinary pre-
sented illnesses went unreported (Section 3.4.4) but it was not possible to assess
how many illnesses that were not presented to the vet went unreported. Each
illness report takes time so that may be a factor. Beyond time constraints, there
was some anecdotal evidence from the project administrator that owners sug-
gested they did not report because they had not taken their dog to the vet. Also,
evidence from the validation process indicated that owners did not report if they
did not feel that their dog was ill. In this case, owners may have felt that their
dog was not ill, it had limber tail (a condition that is easily recognised by owners
who have seen it before). These results support refining the Dogslife question-
naire to encourage owners to report anything that affects their dog rather than
just those things they consider to be ‘illnesses’.
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Lifestyle plays a role in limber tail incidence but it was possible to rule out
associations with dog height, weight, coat colour, household type, owner smoking
status and country location. The relationship with exercise was less clear-cut
and, ideally, if more cases and controls can be identified from the cohort then the
analyses might be repeated with greater power.
Beyond these lifestyle factors, the potential for a genetic link was illustrated
by the finding that one sire contributed three of the case dogs. Initial genetic
analyses identified multiple regions of interest and efforts were made to undertake
a genetic analysis with increased power. From an epidemiological perspective, un-
dertaking the genetic analyses with non-Dogslife dogs and others of undetermined
case/control status was discomfiting. Nevertheless, they were all pedigree LRs
and it is standard practice in genetic studies to accept a possible loss of precision
in return for increased numbers. It was successful in this instance because all
analyses were initially undertaken with just those Dogslife dogs that had con-
firmed case/control status according to the questionnaires. These analyses were
less informative.
The analyses described in Section 7.3.4 have certain limitations. Not all of
the cases were defined according to results from the questionnaire. Those without
questionnaire details had been reported to Dogslife as limber tail cases but there
is no way of knowing whether they had limp tails (the definition used for those
with completed questionnaires). As such, some may not have met the ideal case
definition. More worryingly, there were multiple issues with the controls. For
the non-Dogslife dogs (30 controls) and the Dogslife dogs that did not have an
associated questionnaire, no information was available. On the basis that 13%
of Dogslife controls were apparent cases, it can be hypothesised that some of
these controls were actually cases. There is the additional issue that limber
tail has an environmental component and thus dogs could be harbouring the
genetic risk without the environmental stimulus to result in the phenotype being
expressed. Ideally, a genetic control would be a dog that has spent time working
and swimming but still not developed limber tail. Many of the controls did not
swim and the majority were not working dogs. As such, they did not undergo the
same predisposing conditions as many of the cases. Each of these issues would
reduce the chances of finding associations.
Nevertheless, regions of interest on chromosomes 30 and 6 were identified. If
the plots had extended above the Bonferroni-corrected significance lines then it
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would be concluded that limber tail had a clear genetic cause. In this instance,
the results should instead be considered suggestive. The peak of each plot is
influenced by both the differences in cases and controls but also the underlying
allele frequencies. Linkage disequilibrium means that SNPs with a very low P
value indicate a region of interest rather than a single gene. The genes under the
peaks were examined and those of potential interest are mentioned in Table 7.4.
The investigations into these genes were not exhaustive and relied on the
orthologues that could be found in mice and humans. Candidate genes will be
briefly discussed below but the next step in genetic investigations of limber tail
is sequencing the genomes of four of the cases. The dogs were chosen on the
basis that their DNA was of sufficient quality, they had repeated incidents of the
condition and that their owners had completed the questionnaire. Sequencing is
more expensive that genotyping using the Illumina high density SNP chip (of the
order of £2,500 for the four dogs at five-fold coverage compared with £100 per
dog for SNP genotyping) but it provides genotyping information for every gene.
Unlike the SNP chip which is generalised for use in all dog breeds and therefore
does not detect genetic variants in chromosome regions where a specific breed
has stretches of homozygosity for the SNPs on the chip, it should capture all the
genetic information.
The complete genotype information for the four cases will then be compared
with the dog reference genome which is based on a Boxer. Eventually they will be
compared with a reference LR (Dog A) which is currently being sequenced at 30
fold coverage and other LRs currently being sequenced at 10 fold coverage as part
of work at the Roslin Institute. It will be possible to determine the genotypes
for the genes mentioned in Table 7.4 and, more broadly, find genes whereby the
four cases have genotypes that differ from Dog A and the other LRs. Analyses
can be undertaken to assess whether these differences would likely lead to protein
changes and a predisposition to limber tail type signs. For example, GLMN on
chromosome 6 can cause glomuvenous malformations in humans which are areas
of abnormal tissue that are highly sensitive to changes in temperature. It is
not a variation that fits with the Steiss et al. [1999] findings of myopathy, but
would fit the phenotype of pain following exposure to cold water. Given that it
is unclear how such a variant might present in dogs, it is something that would
be interesting to investigate further.
Similarly, there are a number of genes in the region of the peak on chromosome
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30 that are associated with changes in mitochondrial function, cell membrane
function and the immune response. They all might plausibly be associated with
the variety of signs seen by owners of dogs with limber tail. Currently, there is
no indication of which gene is a more likely candidate nor of why they might
specifically cause myopathy or myositis in the tail. Work assessing the variants
in the four fully genotyped dogs should help elucidate these issues.
This short case-control study is far from complete but it has yielded some
very interesting findings and there are a clear series of steps ahead to complete
the investigation. It is hoped that further work by the Dogslife team will enable
the identification of genes associated with limber tail. Armed with this sort of
information breeders of working dogs might decide to avoid breeding from dogs
carrying the risk variants. The chances of future generations developing this
painful and distressing condition might be reduced which would be an wonderful
return for the thousands of owners who contribute to Dogslife in the hopes of





At its inception, the Dogslife project was unique in canine health. Prior to the
wide-scale availability of the internet, many questions regarding canine epidemi-
ology were neglected because financially, addressing them was impractical. Where
do dogs live? What do they eat and how much exercise do they get? How big
are they? Crucially, what illnesses do they develop? If it was possible to col-
lect appropriate data to answer these questions, how would all of these different
inputs combine with the underlying genetics of a pedigree cohort to answer the
key question: How should dogs be bred and raised in order to achieve a healthy
canine population? Dogslife was a pilot project that aimed to try to find out
whether it was possible to answer these questions by recruiting dog owners and
asking them to repeatedly complete an online questionnaire. As the first PhD
student to work on the project, I had the opportunity to fully engage with the
data collected during the first three and a half years of Dogslife. It has given me a
unique perspective to comment on its strengths and weaknesses and suggest im-
provements for the next iteration of the project. I will discuss what I have found
and what I would like to do next in a difficult financial climate before finishing
with ideas of approaches that could be used if money were no object. This thesis
is the product of dealing with real world challenges so it is appealing to conclude
by taking things into the realm of the science fiction.
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8.2 Dogslife In Context
In this thesis, the cohort of owners is well characterised. It is typical of self-
selecting studies that the participants have higher than average educational at-
tainment (for example Sullivan et al. [2011]) but this type of information was not
collected from owners during Dogslife so this aspect of selection bias could not be
assessed. As has been found in other studies where participants are self-selecting
(for example, Søgaard et al. [2004]), Dogslife owners are disproportionately fe-
male (Section 2.3.3.4) but otherwise seemed representative of eligible owners. It
is impossible to assess what impact the differences between those who participate
and those who do not register might have on the life course of their dogs but
the coat colours, geographic location and sex of the dogs in the cohort were in
proportion to those eligible to join. It has been broadly assumed by the Dogslife
investigators that the dogs in Dogslife are representative of the wider pedigree
LR population in the UK.
Of more concern was retention bias because owners with different demographic
characteristics were being disproportionately lost to the project (Table 2.5). Own-
ers who smoked or who were part of family households were most likely to leave
the project and owners who had another dog or who lived in retired households
were most likely to be retained. The ability to contact owners by email and tele-
phone improved retention but after three and a half years, only a third of owners
were up to date. There was an initial loss between registration and answering the
questionnaire and then an ongoing loss to the project (Section 2.3.4). Despite
the possible consequences of such losses, Dogslife findings are not invalidated but
rather must be reported in context. Certainly Dogslife is not alone in losing
participants longitudinally.
Across human literature, a wealth of studies address retention strategies in
different groups regarding different types of outcomes. There is an awareness that
disproportionate loss to follow-up can bias findings from studies and that every
effort should be made to minimise such damage. One large-scale study of 25,000
USA students lost 51% of their participants over a 12 year period (Curtin et al.
[2002]). As mentioned in the introduction (Section 1.1), the ALSPAC study re-
cruited pregnant women and followed their children as they aged (Golding [1990]).
One of the many uses of the cohort involved questioning teachers in the Avon area
when the children were nearly eight years of age (Wolke et al. [2009]). Behavioural
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traits of children who were still participating were compared with children that
had been lost to the project. The initial ALSPAC cohort comprised 14,062 live
births and after eight years, addresses were available for 10,431 children. The
behavioural study was based on 3,946 retained members (38%) and 1,130 lost
members (11%) which was just 37% of those believed to be alive and 49% of
the members for whom address details were available. Like Dogslife, they found
that drop-out was associated with smoking (in this case, maternal smoking) and
also that the children who were lost to follow-up were disproportionately likely to
suffer from disruptive behavioural traits. If prevalences of behavioural problems
were based just on the continuing participants, they would have been significant
underestimates.
Beyond human medicine, there are a number of animal studies which Dogslife
can be compared with. A study of Boxer dogs in the Netherlands which asked
owners of over 1,800 puppies to complete questionnaires every six months found
that 32% of their owners failed to complete the final questionnaire when the dog
was four years of age (Nielen [2000]). The authors did not report demographic
comparisons between owners that left and remained in the study but stated that
they did not believe their study was subject to bias.
Results from a study of four large breeds of dogs in Norway have been men-
tioned throughout this thesis (Indrebø et al. [2007]; Krontveit et al. [2010]; Sævik
et al. [2012]). The methodology involved giving owners diaries and asking them
to complete questionnaires when their dogs were three, four, six, twelve, eighteen
and twenty four months of age. At 24 months, retention was at just over 51%.
In the UK, Bristol University are running a longitudinal study of cats
(http://www.bristol.ac.uk/vetscience/research/projects/cats/). They send owners
a questionnaire at registration and then when their cat is six, twelve, eighteen and
thirty months and at four years of age (Murray et al. [2015]). Their retention was
reported to be 87% and 79% at six and twelve months respectively. A number of
those lost were reported by owners to have died, been re-homed or gone missing.
It is disappointing to note that Dogslife retention is poorer than for these other
studies mentioned and it is likely that multiple reasons underlie the difference.
Human studies typically have the advantage of greater funding which facilitates
publicity drives and enables the employment of people who can seek to trace
participants who lose touch with a study. For example, one ALSPAC publication
describes tracing participants who had not contributed in the previous five years
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by health records, directory enquiries, the electoral register and a variety of other
publicly available resources (Bray et al. [2015]). Such an effort would be well
beyond the financial capacity of Dogslife and it also relied on linkage with primary
and secondary health care records via the UK National Health Service (NHS).
In the field of animal health, the longitudinal studies mentioned were not
based entirely online and it is unclear how intermittent technical problems (with
the Dogslife website and at the user end) might affect retention. The other
studies also asked for data less frequently than Dogslife. It is clearly a trade-off.
Validation work in Chapter 3 indicated that frequent questionnaire replies were
crucial for monitoring growth in the young dogs and also for limiting recall decay
with regard to vaccinations and illnesses. The result of asking owners to return
to Dogslife so often appeared to be a higher attrition rate. There has been some
discussion amongst the study team regarding whether Dogslife should move to
less frequent questionnaires but the potential loss of health information means
that, as of August 2015, the study design remains unchanged in this respect. The
attrition is well characterised and whilst it is clearly undesirable, we believe that
it is worth pursuing frequent questionnaire answers in order to maximise illness
reports.
In Chapter 5 these illness data have been explored. Diarrhoea and vomiting
reports across the UK were characterised adding to the findings from Norway
regarding four large breeds of dog, including LRs. The complications of the
Dogslife study population being spread across multiple countries within the UK
made geographic comparisons harder but it was still possible to determine an
increased hazard of diarrhoea associated with greater human population density
(Section 5.3.3). More broadly, it was shown that the peak rates of gastrointestinal
signs, musculoskeletal signs and wound or trauma occurred at different ages in
the cohort (Figure 5.2).
In the absence of a large increase in funding, many of the approaches employed
to improve retention in human studies are beyond Dogslife. However there is a
substantial group of owners who register but go no further. It is possible that
providing more information to these people in advance of registration might better
prepare them for the questionnaire ahead. The project might recruit fewer people
but more of them might be retained. Obviously this would entail a different
participant profile but, as previously discussed, Dogslife participants are a self-
selecting group and are therefore already non-random.
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Beyond the short-term attrition, there is a gradual ongoing decline in numbers.
Some dogs were re-homed, some owners became unwell or sadly died and some
owners simply lost interest. Perhaps when they joined the project, they did not
appreciate that the aim was to follow the dogs throughout their lives. As a
goal this was ambitious because funding was initially only available for website
development and two years salary for the project administrator. There is a new
project that started recruiting in 2013 in the USA with the intent of studying
3,000 GRs and the project website clearly states that their aim is to recruit for a
10-year study (Guy et al. [2015]). I will be intrigued to see whether they have a
similar level of loss as Dogslife. Potential participants might be put off by such a
long-term commitment and this might be reflected in recruitment of a different
type of participant who would then be more likely to stay with the study.
The GR study also involves collecting lifestyle data including information
regarding physical activity but, to date, their findings remain unpublished. Much
like Dogslife, there will be a lag whilst they recruit enough dogs and begin to deal
with their data.
To my knowledge, Dogslife is the first study to try to characterise canine
lifestyle in the UK. The exercise findings were particularly interesting and again
highlighted geographical differences in the cohort. Dogs from Scotland and Wales
were reported, on average, to spend more time exercising than those from England
(Section 4.3.11). These differences, whilst not enormous, remain in the multivari-
able model and might reflect cultural differences between the people in the three
nations.
In the absence of detailed information about the GR study, comparisons are
difficult but they apparently have the funding to collect DNA from all partici-
pants. Unfortunately Dogslife funding is more limited. Samples have been col-
lected from a substantial subset of the cohort (Section 2.2.4) but each pair of
saliva and faecal samples cost approximately £10 to collect. Ideally the study
team would have recovered a DNA sample from each dog registered with the
project, to ensure there was an archive of dogs which might subsequently leave
the project. Dogslife dogs have already been lost to neoplasia and trauma and
the opportunity to genotype these dogs has been missed.
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8.2.1 Dogslife and Veterinary Involvement
The methodology of the GR study involves contact with the veterinarian of each
dog and they offer owners an incentive of $75 per year to help ensure that they
visit their veterinarian for check-ups. Veterinary involvement is something that
the Boxer dog study in the Netherlands and the study of four large breeds in
Norway also included. It was considered by the Dogslife study team but it was
felt that this would create more problems than it solved. If Dogslife were to
collect data directly from veterinarians then they would need to recruit owner-
veterinarian pairs and this would likely have considerable impacts on recruitment.
The project team instead attempted to collect veterinary information by asking
owners to take the DHR (Appendix 4) with them each time they visited a vet.
It was unfortunate that compliance regarding the DHR was poor but heartening
to note that, when the owner reported an illness, the validation process found
owner reports and veterinary records were entirely consistent (Section 3.4.4).
If owner-veterinarian pairs could be recruited then there would be more av-
enues available to maintain contact for retention purposes but it would introduce
new practical challenges. Vets would need access to the Dogslife website and we
would need to develop a method whereby each report they made would be linked
to the correct dog. In the absence of the online facility, completed facsimile or
postal versions of the DHR would need to be sent in by veterinarians and someone
at Dogslife would have to add them to the relevant dog’s profile. It might have
been possible to automatically collect electronic records in a fashion similar to
that done by VetCompass (VetCompass [2014]) but that is a huge undertaking
involving multiple different practice management systems. Effectively it would
involve setting up two projects: Dogslife and VetCompass.
There is no doubt that veterinary involvement would give greater diagnostic
surety and that if automatic record assessment were undertaken then recall decay
would be minimised. However, the issue of illnesses that are not presented to vets
would remain. Limber tail was investigated in Chapter 7 and it is an illness which
is often not presented to veterinarians. In terms of diagnostic clarity, it has signs
that are limited in duration and may be confused with spinal damage, a broken
tail and issues with the anal glands. For this sort of illness, the availability of
veterinary records would often add nothing and if the case definition was based
on veterinary diagnosis, the majority of cases would be missed.
246
Recruiting owner-veterinarian pairs into Dogslife would likely result in a study
involving smaller numbers akin to those previously mentioned in Norway, the
Netherlands and now the USA. Dogslife applies a new methodology and as this
thesis demonstrates, health information reported by owners is sufficient to identify
new risk factors for illnesses such a vomiting and diarrhoea and to undertake
specific case-control studies such as that regarding limber tail. Dogslife is a pilot
project which was set up and run with limited financial resources. Under those
constraints, the data collected were remarkable.
8.3 Limitations and suggested improvements
Dogslife owners have contributed invaluable data about their dogs but the data
were not easy to deal with. The database where they are stored was designed
for use in epidemiological studies but the implementation of the design was not
ideal. Entries in separate tables should have been linked by unique IDs but there
were multiple duplications and spurious entries. IDs that should have uniquely
linked to a single datum in another table might be linked one to many and many
to one. Some of the data issues had patterns that were possible to understand
and deal with, for example, the modelling developed to deal with the cm/inches
issue for heights (Section 4.2.4). Unfortunately, many issues were only identified
by accident and remained inexplicable. “There shouldn’t be that many” became
a mantra. The ultimate solution would have involved viewing each individual
entry, then cleaning and re-entering it in a new database. At the time of writing
in August 2015, the database comprised 2.7 million rows of data so row by row
checking would not be feasible.
With hindsight, attention should have been paid to the database when data
began to be collected. Issues with the website were obvious because it was re-
peatedly tested by the project team and because, after launch, owners would get
in touch to report issues. Problems with the database only became apparent
when analyses were attempted many months after launch. Each new investiga-
tion meant identifying new ways for the data to be inexplicable. By that stage,
the person who built the website and database was no longer working for the
external contractor and the underlying IT infrastructure was ageing. Fixing one
problem seemed to inevitably create another.
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Beyond implementation problems, there were other issues with the website
which affected the quality of data available for analysis. When designed, it was
intended that if an owner mentioned an illness was ongoing, they would be asked
about this illness when they returned to the site. Unfortunately this functionality
only worked for the first few months of the project. The break-down was not
noticed for some time and has never been fixed which means that, unless the
illness had resolved before the owner entered the data, an illnesses would have no
end date (Section 5.3.1).
In the future, automatic logic checking could be applied to all dates entered by
owners relating to illnesses, neutering and vaccinations. A pop-up could appear if
they attempted to enter something illogical. This would prevent owners entering
dates before the dog was born or in the future. It would also prevent owners
creating illnesses that lasted for negative amounts of time. Similarly for heights
and weights, sufficient information is now available to suggest a range of possible
heights and weights for all ages. It would be more complicated but still possible
to apply this to food weights. One imaginative owner reported that their dog was
fed 6.02 x 1023g each day (Avogadro’s constant) and, whilst this was entertaining
to read, flagging the measure as improbable as the owner tried to enter it might
have encouraged them to enter the true weight of their dog’s food.
For some aspects of the questionnaire, it was unclear whether an owner had
answered “no” or simply failed to answer the question. This applied to elements
of the registration process, questions about preventative veterinary care and the
illness section of the questionnaire. Ideally, if the owner answered “no” this should
be recorded to distinguish between those who say “no” and those who have left
the website.
Resolving these issues would have helped analyses undertaken by the Dogslife
team but there were also errors that impacted on owners. The website needed
to work on diverse platforms, for thousands of different owners and there were
times when errors occurred. It is likely that many owners did not take the time to
contact Dogslife but the project administrator kept a record of all issues reported.
In the first three and a half years 173 separate problems were noted and a num-
ber of specific issues were identified that had widespread impact. For example,
there was an intermittent error that meant owners could not move directly from
registration to the questionnaire, presumably resulting in some owners leaving
the project and never returning.
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A section relating to mating and breeding was added to the questionnaire in
June 2014 and suffered from an error that made it unusable until March 2015.
During this time, owners became increasingly frustrated because data they en-
tered was not being recorded and they were repeatedly asked to re-enter it.
More broadly there were issues that developed as the size of the cohort in-
creased. The front page of Dogslife included a map which showed where each
dog was located across the country. As the number of locations increased, this
map took longer to load, to the extent that many owners could not load the front
page of the website. If they were able to get past this page and login, there was
another issue with the front page of each dog’s profile. There was a plot of the
dog’s height as it aged which included the mean for Dogslife dogs at each age.
The script which worked out these averages became slower and slower and many
owners would be timed out of their session without ever seeing the front page of
the profile. It was frustrating for owners and exasperating for the project team
because we did not have the technical expertise in-house to fix these problems.
The many and varied issues with the website and database are not exhaus-
tively listed here. Suffice to say that despite a great deal of expertise and thought
being involved in the design and implementation of the data collection process,
the data are not ideally suited for epidemiological analysis. To a large extent,
this is due to the complexity of the Dogslife questionnaire and the limited funds
available for building and maintaining the website and database. Every member
of the project team has worked incredibly hard to keep Dogslife running despite
the issues. Funds have been secured to update the website and database which
will enable to the team to build on all of the work done to date.
Human behaviour has changed since the Dogslife project began. More par-
ticipants now access the website via a smart phone and, in an ideal world, there
would be Dogslife apps for Android and Mac OS. It would offer greater conve-
nience and immediacy; owners could answer the questionnaire whilst standing
in their veterinary surgery. At the time of writing in August 2015, the Dogslife
website is being rebuilt. The aim is to make the website accessible via multiple
platforms (phone, tablet, laptop and desktop). It will not have the simplicity
of an app but it must be recognised that the Dogslife website is not simple and
the cost of creating apps for multiple platforms is extremely high. Owners are
able to create scrapbooks, upload photographs, view the newsletter and featured
dog archives and answer a complicated questionnaire. Whilst a questionnaire
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app might be desirable, the ongoing financial commitment involved in keeping it
secure would be prohibitive. Much of what we have learned over the the past five
years is being implemented in the new version of Dogslife and there is optimism
that the new Dogslife website and database will be easier to manage.
8.4 Wider utility of Dogslife
As a unique resource, the Dogslife cohort have already been used for studies not
reported here. Collaborations with Cambridge University have included promot-
ing an obesity study called “Go Dogs” to the Dogslife cohort. DNA samples
for 386 dogs were sent to Cambridge and the frequency of an allele of interest
has been characterised in the LR population. As a consequence, detailed dietary
questionnaires will be sent to approximately 60 Dogslife participants. There was
a separate request to access the faecal samples but this foundered when the col-
laborators failed to agree legal terms regarding sample handling.
Internally, there have been two undergraduate student projects involving pho-
tographs collected by Dogslife. The first assessed the possibility of detecting den-
tal disease at one year of age and the second was a visual assessment of body
condition and obesity. A further project screened 24 faecal samples for 12 viruses
and all 372 faecal samples are now being sequenced for 16S bacterial DNA. We
have had other requests for access to data or individuals, which have been assessed
by the team, illustrating the utility and relevance of the data being collected.
8.5 Future work
Having mentioned many areas that have created difficulties within Dogslife, I need
to return to the positives. We have published new findings about the morphology
and lifestyle of LRs in the UK (Pugh et al. [2015b]) and there were over 6,000
reports of illness in the first three and a half years of the project (Pugh et al.
[2015a]). These illness reports are already being exploited in smaller case-control
studies comparing high density SNP data such as the investigation of limber tail
(Chapter 7). The case definitions were based on owner reports and the controls
were chosen according to whether they had a similar amount of time in the project.
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Given the level of under-reporting, we anticipated that some of the controls would
have suffered from the conditions of interest and this was certainly the case for
limber tail. If future genetic analyses based on online Dogslife reports find positive
results, questionnaires will be required to definitively determine control status.
Approximately 100 Dogslife dogs have been SNP chipped to date and, as more
genotype data are generated, it will be feasible to speculatively run this type of
analysis for a wide variety of illnesses.
It would also be interesting to investigate the morphology of the cohort. Can
the heavier or lighter dogs be identified from their genotypes and with that type
of information, can future generations of veterinarians advise owners about risk?
We have found that chocolate coloured dogs are heavier than their yellow and
black counterparts and hope to investigate that further. Attempts were made to
identify yellow dogs with the chocolate mutation but none were found from an
initial 25 dogs (Section 4.3.10). We have now targeted owners of yellow dogs that
have pink or brown noses (indicative of the chocolate mutation) via the newsletter
and hope to collect saliva samples from them for future investigations.
The height model detailed in Section 4.3.9 already includes a growth rate
parameter. It was largely overlooked in the discussion because the aim of the
modelling process was to deal with unit errors in data entry and ascertain a
full height for the dogs. The model was not specified to best identify growth
rates and would be particularly poor at younger ages. Nevertheless, the idea
of determining growth rates for the dogs is intriguing and could borrow from
a wealth of work in the livestock sector. If the data supported finding reliable
growth rates for individual dogs then assessing whether this was associated with
future musculoskeletal problems would be worth pursuing.
At this relatively early stage, a wealth of information has already been col-
lected regarding lifestyle and lameness. A major avenue for future investigation
will be to pick apart temporal associations regarding morphology, early exercise
and subsequent diagnoses of musculoskeletal problems such as hip and elbow dys-
plasia. As the dogs continue to age, there will be potential to try to determine
whether we can predict the onset of secondary osteoarthritis.
To date, geographical analyses have been based on latitude, longitude, post-
code area and country boundaries within the UK. The analyses were limited by
the way that the different countries collect information which meant that there
was no consistent UK-wide definition of the urban-rural spectrum. As such, it
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was not possible to use a UK-wide measure for population density. Indeed, there
is much argument about how population density should be defined. Future work
could involve collaborations with geographers or experts in mapping who might
facilitate this type of analysis. As Chapter 5 demonstrated, geographical variation
was a factor in rates of gastrointestinal illness and better defining geographical
factors for all UK postcodes would make it possible to include all Dogslife dogs
in analyses.
Chapter 5 included a multivariable analysis of diarrhoea and vomiting rates,
considering demographic characteristics, geographic variation and month of the
year. Unfortunately the ‘best’ multivariable model including month of the year
could not be resolved for vomiting and, rather than wait for more data as was
previously suggested (Section 5.3.4), the modelling might be retried using new
methodology. In June 2015, Torman and Camey [2015] published work which
demonstrated the utility of applying Bayesian methods to this type of data. Their
work has highlighted the possibilities available beyond traditional epidemiological
approaches and is an example of how methodology will change over the period of
data collection. Dogslife have a wealth of data and the large number of contrib-
utors make it an ideal data-set to try out multiple investigative techniques.
8.6 Future work without constraints
The first aim if Dogslife operated in a world without financial constraints would be
to guarantee that data collection ran until at least 2025 (15 years after the oldest
dogs were born). This would give complete life time data for thousands of dogs
which would be a unique resource for investigation. We might better maintain
owner retention by paying for yearly clinical check-ups for their dogs and thereby
also gain definitive veterinary diagnoses of ongoing conditions. Ideally, dogs with
conditions of interest would also be seen by Dogslife veterinarians to reduce inter-
observer variability. As the limber tail investigation demonstrated (Section 7.3.2),
it was hard to develop clear case definitions based on owner interpretation and
reporting of signs.
If yearly check-ups became part of the study protocol, blood, urine and faecal
samples could be collected by the clinician. Investigations of the ageing of the
microbiome would be greatly facilitated by having repeated faecal samples from
252
thousands of dogs. The GR study in the USA report that sample collection will
be part of their study protocol (Guy et al. [2015]) and it will be interesting to
see whether they attempt this type of analysis. Ideally, Dogslife results would
be compared with those from the GR study because the USA has a different
regulatory framework regarding anti-microbial use and, beyond breed differences,
it may be possible to identify differences between gut microbiota in the two study
populations.
Even within the UK, it would be a positive step to widen Dogslife out to more
breeds, or specifically to dogs from no particular breed. Choosing dogs from
no particular breed would create difficulties because the population of people
who own non-pedigree dogs is not well characterised in the UK (Section 2.2)
but this is an issue which has presumably been resolved within the Bristol Cats
Study which makes no distinction between cat breeds for recruitment purposes. A
comparison between the lives of LRs and non-pedigree dogs would be fascinating
and potentially add to the wealth of work assessing health problems in pedigree
dog populations which was recently reviewed by Farrell et al. [2015].
With unlimited money someone on the team would be trained to be able
to make amendments to the website and database that can currently only be
made by external contractors. This person would be in charge of maintaining
the database, ensuring that issues such as the random duplications were identi-
fied quickly and resolved before they became a major problem. Above anything
else, having this sort of expertise immediately available would greatly reduce the
amount of time required to undertake analyses.
With someone on the team dedicated to the technical side of the project, it
would be possible to keep Dogslife more up to date with how people access the
internet. A questionnaire app might be developed for multiple platforms to enable
owners to keep up with their Dogslife record wherever they might be. This could
include a facility to request photographs of specific conditions such as limber tail
for automatic upload by owners or clinicians.
There was some indication that recall decay would start to have more of
an impact after the dogs reached one year and owners started answering the
questionnaire quarterly rather than monthly. Ideally, the validation process would
be repeated with another series of visits and collection of more veterinary records
from this older group of dog so that the difference could be quantified. This might
also facilitate a better understanding of which types of veterinary-visiting signs
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were more likely to be under-reported. Similarly, if an illness diary were sent to
a subset of the owners, we might better be able to capture under-reporting of all
signs, including those that did not precipitate a veterinary visit.
There is some concern that data collected through citizen science might be
affected by the biases of the citizens involved (Nature Editors [2015]) so it would
be of real interest to interview a number of contributors and non-contributors to
try to determine what prevented people from joining Dogslife. Given that LRs
are such a numerous breed, it is to be hoped that if any members of Dogslife are
giving deliberately skewed information, they are overwhelmed by the wealth of
other data. Nevertheless, identifying how the contributing cohort differ from the
wider LR-owning public would be the final validation step.
As Chapter 6 demonstrated, the exercise section of the Dogslife questionnaire
relates to a small part of each dog’s day. It would be interesting to try to fill in the
gaps by developing a different type of questionnaire. Dogs in retired households
spent the least amount of time being sedentary and one might hypothesise that
this relates to the amount of time the dogs spend alone. A retired owner might
have more time with their dog and the dog would therefore spend less time asleep
or resting. The presence of another dog seemed to have no effect so we might ask
owners how long on average each day their dog is left with no people for company.
Ideally this type of question would again be validated by sending GPS devices and
accelerometers to a subset of owners. They would be permanently attached and
downloaded automatically via a smart phone. In order to maximise the potential
of that approach, subjective measures such as how active each owner perceives
their dog to be might also be assessed.
Age was also highlighted as important with regard to accelerometer read-
ings so wider work whereby individual dogs are sent accelerometers repeatedly
throughout their lives could also yield interesting findings. Owners are currently
advised to limit the activity of their young dogs but such advice would be re-
dundant if the young dogs are independently much more active than their older
counterparts. To my knowledge, nobody has addressed activity levels in young
dogs, presumably because of the complexities of working with a variable that is
assumed to change with age. New recruits to the Dogslife cohort could become
part of a specific activity study but we are currently hampered by the expense
of such an approach. The accelerometers used in the exercise chapter cost £300
each and the base-station used to download the data was another £1,000. Recent
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work by Yashari et al. [2015] has validated a cheaper smart phone based approach
to collecting activity data but their devices had a significantly shorter battery life
and still cost $79 each.
If it were possible to fund widespread use of accelerometers or similar devices
amongst the Dogslife cohort from a young age, a number of those dogs would
subsequently be diagnosed with hip and elbow dysplasia. Undoubtedly, many
would also subsequently develop obesity. Detailed analysis of activity in an age-
ing cohort could contribute fascinating new information about the relationship
between exercise, morphology and developmental musculoskeletal problems.
The Dogslife cohort have so much potential to help answer questions about
canine health. With more resources, specific omissions such as collection of DNA
from the entire cohort could be remedied. It would be possible to bypass using a
SNP chip which was been designed to apply to all breeds and move immediately
to next generation sequencing for all participating dogs. Beyond that, there
is immense scope to extend the study and make the most of the efforts of a
committed group of citizen scientists.
8.7 Conclusion
Working on the Dogslife project has been a unique opportunity to begin a new
chapter in the story of canine health, building the foundations of a new era of
holistic, evidence-based canine medicine. I hope that this thesis and the asso-
ciated publications will be invaluable for future investigators, particularly those





. APPENDIX 1: REGISTRATION
Figure A1: Dog registration
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Figure A2: Owner registration and email details
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. APPENDIX 1: REGISTRATION
Figure A3: Owner name and telephone details
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Figure A4: Household information






The Dogslife questionnaire below is broken into sections for each of the separate
pages on the website: Pet profile A2.2; Sleeping & bathing A2.3; Exercise A2.4;
Feeding A2.5; Preventative health care A2.6; Illnesses A2.7. Doggie* has been
used as the name of a participating dog. Whenever ‘Other’ is selected, a free-text
box appears where the owner might write their answer. They are not obliged to
write anything in the box to continue through the questionnaire. After each page,
the owner must click a button to save and continue on through the questionnaire.
With the exception of dog weight, they cannot continue where answers to main
questions have been omitted. Additional questions that appear after an owner
has ticked Yes or No may be optional and may therefore be left blank (these are
marked below). The first time the owner answers the questionnaire, the phrasing
‘since you last visited the site’ is replaced with ‘in the last four weeks’. The only
exception is for vaccinations whereby the question simply starts as ‘Has Doggie*
been vaccinated?’
A2.2 Pet Profile
Has Doggie* been neutered since you last visited the site? [Yes/No]
If ‘Yes’, When was Doggie* neutered? If you don’t know the exact date,
please enter an approximate date. [Pop-up calendar]
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. APPENDIX 2: DOGSLIFE QUESTIONNAIRE
Why did you choose to have Doggie* neutered?
– Recommended by vet
– Recommended by breeder
– I do not want to breed from my dog
– Behavioural reasons
– Other
If ‘No’, Do you plan to breed from Doggie*? [Yes/No/Undecided]
How tall is Doggie*? [Number][Centimetres/Inches]
How much does Doggie* weigh? [Number][Kgs/Pounds]
Do you own Doggie* primarily as a:
– Household pet
– Working dog (e.g. Gundog)
– Assistance dog (e.g. Guide Dog)
– Other
(This question is only asked once, when the owner first fills in the questionnaire.)
A2.3 Sleeping & Bathing
Where does Doggie* sleep at night?
– Alone in a room in house
– In a room shared with a person
– In a room shared with a pet and a person
– Outside
– Other
Has Doggie* been bathed since you last visited the site? [Yes/No]







– Less than monthly
– Never





Have you registered Doggie* with a veterinary practice since you last
visited the site? [Yes/No]
If ‘No’, then ask again at revisit.
Have you had Doggie* insured since you last visited the site? [Yes/No]
If ‘Yes’, then don’t ask again for 1 year.
If ‘No’, then ask at revisits until answer changes to ‘Yes’.
A2.4 Exericse
The owner is asked to give an answer for weekdays and weekend days. On
average, in the last week for how long does Doggie* do the following
exercise(s) EACH DAY?
– Walking on the lead
– Running on the lead
– Walking/running off the lead
– Exercise involving fetching, chasing and retrieving
– Obedience training
– Other playing activity (including dogs playing together)




. APPENDIX 2: DOGSLIFE QUESTIONNAIRE
– 5-15 minutes
– 15-30 minutes
– 30 minutes - 1 hour
– 1-2 hours
– Over 2 hours
Is the quantity of exercise Doggie receives each day:
– Restricted due to your own time constraints
– Restricted due to your own exercise ability
– Restricted because of where you live
– Restricted because Doggie* has a problem
– As recommended by my dog breeder/my own experience
– Unrestricted (you give as much exercise as you think your dog should have)
A2.5 Feeding
At present, how many times a day do you feed Doggie*?
– Once daily
– Twice daily
– Three times daily
– More than three times daily
– Throughout the day
When do you feed Doggie*?
– In the morning
– In the evening
– In the morning and evening
– In the morning, lunchtime and evening
– Throughout the day
– Multiple times throughout the day





– A mixture of dried and tinned dog food1
– Home prepared food2
– Other2




If foodtype2, Please detail the food content. (Optional question) [Free text
box]
How much foodtype do you feed Doggie* each day? [Number][Grams/Ounces]
(Asked for each selection†)
Does Doggie* also receive “titbits”? For example, anything else your
dogs east such as food off your plate, training treats, chews etc? [Yes/No]
What does Doggie* drink most days? [Water/Other]
A2.6 Routine Health Care
Has Doggie* been vaccinated since you last visited the site? [Yes/No]
If ‘Yes’, When was Doggie* vaccinated? [Pop-up calendar]
Which diseases was Doggie* vaccinated against? (Optional question)
Additional information is available by clicking i which states: Routine vacci-






Has Doggie* been wormed since you last visited the site? [Yes/No]
If ‘Yes’, When was Doggie* last wormed? [Pop-up calendar]
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What is the name of the product you use? (Optional question)
[Droncit/Drontal/Granofen/Milbemax/Panacur/Piperazine/Plerion5/
Vert-X Treats for Dogs/Wormazole/Other]
Have you used any products to prevent or treat fleas or ticks since you
last visited the site? [Yes/No]
If ‘Yes’, What type of flea control product do you use? (Optional question)
[Collar/Oral Medication/Drops or “Spot-on” for the dog’s coat/
Spray for the dog’s coat/Spray for the house/Other]
Have you travelled abroad (out of the UK) with Doggie* since you last
visited the site? [Yes/No]
If ‘Yes’, Please provide details of date and location. (Optional question)
[Free text box]
A2.7 Illness





– Scratching themselves [Yes/No]
– Licking or chewing themselves [Yes/No]
– Limping or lameness [Yes/No]
Did Doggie have any other illnesses or problems? [Yes/No]
If ‘Yes’, What was the problem? (Optional question) [Free text box]
All further questions are optional.
If ‘Yes’ to any, for each selection, Approximately when did the [insert ill-
ness name] start? [Pop-up calendar]
Approximately when did the [insert illness name] get better? If your
dog is not better yet, click the box below.
Approximately how often did the [insert illness name] happen?
[Once/Continuous/Every hour/Every 2 hours/Every 6 hours/
Every 12 hours/Once a day/Once every 2 days/Once every 3 days/
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Once weekly/Once every two weeks/Once a month]
Did you take Doggie* to the vet for the [insert illness name]? [Yes/No]
If ‘No’ (no veterinary visit), Do you know why Doggie* developed this
problem?
If ‘Yes’ (veterinary visit), Approximately when did you visit the vet? [Pop-
up calendar]
Did the vet fill in your dog’s Dogslife Veterinary Health Report? [Yes/No]
If ‘Yes’ (health report completed), From the information on the Dogslife
Veterinary Health Report.
What was the primary presenting complaint? [Free text box]
What is the primary Diagnosis? [Free text box]
What is/are the treatment/s for the primary condition? [Medical/
Surgical/Both/None/Other]
Treatment 1 [Free text box]
Treatment 2 [Free text box]
Treatment 3 [Free text box]
If ‘Yes’, What was the secondary presenting complaint (only fill in if
applicable)? [Free text box]
What is the secondary Diagnosis? [Free text box]
What is/are the treatment/s for the secondary condition? [Medical/
Surgical/Both/None/Other]
Treatment 1 [Free text box]
Treatment 2 [Free text box]
Treatment 3 [Free text box]
If ‘No’ (health report not completed), Download the Dogslife Veterinary
Health Report now for the next time you visit your vet.
Do you know what the diagnosis was? [Free text box] What is/are the
treatment/s? [Medical/Surgical/Both/None/Other]
Treatment 1 [Free text box]
Treatment 2 [Free text box]
In addition, if ‘Yes’ to Limping or lameness, Which limb was affected? [Left
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. APPENDIX 5: HEIGHT MODEL CHECKING
Figure A6: Density Plots Of Variables For Male Dogs
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Figure A7: Density Plots Of Variables For Female Dogs
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. APPENDIX 5: HEIGHT MODEL CHECKING
Figure A8: Mixing Trace Plots Of Variables For Male Dogs
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Figure A9: Mixing Trace Plots Of Variables For Female Dogs
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. APPENDIX 5: HEIGHT MODEL CHECKING
Figure A10: Gelman Plots To Show Mixing Of Variables For Male Dogs
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Figure A11: Gelman Plots To Show Mixing Of Variables For Female Dogs
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Appendix 6: Illness Frequencies
Table A6.1: Frequency of All Presenting Signs
Sign Frequency
Faecal appearance abnormal - diarrhoea 1622
Vomiting - other 1566
Pruritus 1003
Gait abnormality - lameness 819
Coughing 324
Ear (aural) abnormality 192
Ophthalmic (eye) abnormality 182
Presenting complaint not listed 104
Wound 82
Skin (cutaneous) abnormality - other 73
Mass/swelling - skin (cutaneous) 65
Discharge - ocular (eye) 57
Skin (cutaneous) abnormality - eruptions/hives/rash 46
Dietary indiscretion - other 43
Traumatic episode 41
Mass/swelling - other 39
Anal irritation 37
Urination abnormal - other 36
Vomiting - haematemesis 32
Dietary indiscretion - foreign body ingestion 22
Musculoskeletal injury 22
Continued on next page
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Table A6.1: Frequency of All Presenting Signs (continued)
Sign Frequency
Dental (tooth) abnormality 20
Discharge - vaginal 20
Seizure(s) 19
Urination abnormal - pollakiuria 19
Red eye 17
Faecal appearance abnormal - haematochezia 15
Mass/swelling - eye (ophthalmic) 15
Ophthalmic (eye) injury 15
Appetite decreased 13
Sneezing 13
Discharge - aural (ear) 12
Eyelid abnormality 12
Incontinence - urinary 12
Pyrexia/hyperthermia 11
Alopecia 10
Mass/swelling - oral (mouth) 10
Pain - ophthalmic (eye) 10
Lethargy 8
Mass/swelling - abdominal 8
Mass/swelling - ear (aural) 8
Oral (mouth) abnormality - other 7
Post-operative complication - wound related 7
Behavioural abnormality 6
Pain - musculoskeletal 6
Polyuria 6
Salivation - increased/drooling 6
Ear (aural) injury 5
Gagging/retching 5
Mass/swelling - musculoskeletal 5
Oral (mouth) injury 5
Polydipsia 5
Continued on next page
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Table A6.1: Frequency of All Presenting Signs (continued)
Sign Frequency
Urine colour abnormal 5
Abdominal distension 4
Collapse/syncopal episodes 4
Discharge - nasal (nose) 4
Intoxication (poisoning)/toxin exposure 4
Mentation altered - anxious/distressed 4
Obesity 4
Pain - aural (ear) 4
Tremors/shaking/trembling 4
Defaecation abnormal - other 3
Faecal appearance abnormal - other 3
Gait abnormality - ataxia 3
Pain - on eating/chewing 3
Pain - oral (mouth) 3
Panting 3
Paresis/paralysis 3
Urination abnormal - dysuria 3
Weakness 3
Weight loss 3
Cardiac (heart) abnormality - other 2
Defaecation abnormal - defaecatory tenesmus 2
Gait abnormality - other 2
Lymphadenomegaly 2
Mass/swelling - perianal 2
Pain - other 2
Stiffness 2
Testicular/scrotal abnormality 2
Urination abnormal - inappropriate urination 2
Urination abnormal - oliguria 2
Posture abnormal - other 2
Anorexia 1
Continued on next page
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Table A6.1: Frequency of All Presenting Signs (continued)
Sign Frequency




Discharge - penile 1
Dry eye 1
Failure to gain weight 1
Halitosis 1
Incontinence - faecal 1
Oral (mouth) abnormality - ulceration 1
Pain - abdominal 1
Penile/preputial abnormality - other 1
Penile/preputial abnormality - paraphimosis 1
Skeletal abnormality - congenital 1
Weight gain 1
Dyspnoea - with coughing 1
Mentation altered - depressed 1
Post-operative complication - other 1
Regurgitation 1
Tachypnoea 1
Table A6.2: Frequency of Syndromes With One Presenting Sign
Sign Frequency
Faecal appearance abnormal - diarrhoea 1215
Vomiting - other 1094
Pruritus 931
Gait abnormality - lameness 792
Coughing 282
Ophthalmic (eye) abnormality 160
Ear (aural) abnormality 156
Continued on next page
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Table A6.2: Frequency of Syndromes With One Presenting Sign (continued)
Sign Frequency
Presenting complaint not listed 77
Wound 71
Skin (cutaneous) abnormality - other 57
Mass/swelling - skin (cutaneous) 56
Discharge - ocular (eye) 41
Skin (cutaneous) abnormality - eruptions/hives/rash 35
Anal irritation 34
Urination abnormal - other 33
Traumatic episode 31
Mass/swelling - other 28
Musculoskeletal injury 21
Dental (tooth) abnormality 18
Discharge - vaginal 16
Seizure(s) 16
Dietary indiscretion - other 13
Mass/swelling - eye (ophthalmic) 12
Urination abnormal - pollakiuria 12
Dietary indiscretion - foreign body ingestion 10
Eyelid abnormality 10
Red eye 10
Ophthalmic (eye) injury 9
Alopecia 8
Faecal appearance abnormal - haematochezia 8
Incontinence - urinary 8
Sneezing 8
Discharge - aural (ear) 7
Mass/swelling - abdominal 7
Vomiting - haematemesis 7
Appetite decreased 6
Behavioural abnormality 6
Mass/swelling - oral (mouth) 6
Continued on next page
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Table A6.2: Frequency of Syndromes With One Presenting Sign (continued)
Sign Frequency
Oral (mouth) abnormality - other 6
Pain - ophthalmic (eye) 6
Pyrexia/hyperthermia 6
Mass/swelling - ear (aural) 5
Pain - musculoskeletal 5




Mass/swelling - musculoskeletal 4
Obesity 4
Salivation - increased/drooling 4
Oral (mouth) injury 3
Pain - on eating/chewing 3
Panting 3
Tremors/shaking/trembling 3
Cardiac (heart) abnormality - other 2
Faecal appearance abnormal - other 2
Intoxication (poisoning)/toxin exposure 2
Mentation altered - anxious/distressed 2
Pain - aural (ear) 2
Pain - oral (mouth) 2
Paresis/paralysis 2
Testicular/scrotal abnormality 2
Urination abnormal - dysuria 2
Urine colour abnormal 2
Weakness 2




Continued on next page
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Table A6.2: Frequency of Syndromes With One Presenting Sign (continued)
Sign Frequency
Defaecation abnormal - other 1
Discharge - nasal (nose) 1
Discharge - penile 1
Ear (aural) injury 1
Failure to gain weight 1
Gagging/retching 1
Gait abnormality - ataxia 1
Gait abnormality - other 1
Halitosis 1
Incontinence - faecal 1
Lymphadenomegaly 1
Mass/swelling - perianal 1
Pain - abdominal 1
Penile/preputial abnormality - paraphimosis 1
Polydipsia 1
Polyuria 1
Skeletal abnormality - congenital 1
Stiffness 1




























Table A6.3: Frequency of Syndromes With Two Presenting Signs
Frequency Sign 1 Sign 2
363 Faecal appearance abnormal - diarrhoea Vomiting - other
25 Coughing Vomiting - other
20 Pruritus Vomiting - other
13 Dietary indiscretion - other Faecal appearance abnormal - diarrhoea
13 Ear (aural) abnormality Pruritus
13 Vomiting - haematemesis Vomiting - other
9 Dietary indiscretion - other Vomiting - other
6 Dietary indiscretion - foreign body ingestion Vomiting - other
6 Presenting complaint not listed Pruritus
5 Ear (aural) abnormality Ophthalmic (eye) abnormality
5 Faecal appearance abnormal - diarrhoea Faecal appearance abnormal - haematochezia
5 Pruritus Skin (cutaneous) abnormality - other
4 Discharge - ocular (eye) Ophthalmic (eye) abnormality
4 Gait abnormality - lameness Traumatic episode
4 Mass/swelling - other Pruritus
4 Ophthalmic (eye) abnormality Ophthalmic (eye) injury
3 Discharge - nasal (nose) Sneezing
3 Discharge - ocular (eye) Ear (aural) abnormality
3 Faecal appearance abnormal - diarrhoea Vomiting - haematemesis
Continued on next page
296
Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2
3 Gait abnormality - lameness Presenting complaint not listed
3 Gait abnormality - lameness Pruritus
3 Gait abnormality - lameness Wound
3 Mass/swelling - oral (mouth) Vomiting - other
3 Polydipsia Polyuria
3 Pruritus Skin (cutaneous) abnormality
- eruptions/hives/rash
3 Seizure(s) Vomiting - other
2 Coughing Presenting complaint not listed
2 Dietary indiscretion - other Intoxication (poisoning)/toxin exposure
2 Discharge - ocular (eye) Red eye
2 Ear (aural) abnormality Pain - aural (ear)
2 Ear (aural) abnormality Skin (cutaneous) abnormality - other
2 Faecal appearance abnormal - diarrhoea Presenting complaint not listed
2 Gait abnormality - ataxia Gait abnormality - lameness
2 Mass/swelling - skin (cutaneous) Skin (cutaneous) abnormality
- eruptions/hives/rash
2 Mentation altered - anxious/distressed Presenting complaint not listed
2 Skin (cutaneous) abnormality Skin (cutaneous) abnormality - other
- eruptions/hives/rash


























Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2
2 Skin (cutaneous) abnormality - other Traumatic episode
2 Vomiting - other Wound
1 Alopecia Pruritus
1 Alopecia Wound
1 Appetite decreased Lethargy
1 Appetite decreased Mentation altered - depressed
1 Appetite decreased Pruritus
1 Appetite decreased Salivation - increased/drooling
1 Appetite decreased Weight loss
1 Coughing Anal irritation
1 Coughing Discharge - aural (ear)
1 Coughing Dyspnoea - with coughing
1 Coughing Gagging/retching
1 Coughing Ophthalmic (eye) abnormality
1 Coughing Sneezing
1 Coughing Vomiting - haematemesis
1 Defaecation abnormal - defaecatory tenesmus Defaecation abnormal - other
1 Defaecation abnormal - defaecatory tenesmus Mass/swelling - perianal
1 Dental (tooth) abnormality Pain - oral (mouth)
1 Dental (tooth) abnormality Traumatic episode
Continued on next page
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Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2
1 Dietary indiscretion - foreign body ingestion Faecal appearance abnormal - diarrhoea
1 Dietary indiscretion - foreign body ingestion Oral (mouth) abnormality - other
1 Dietary indiscretion - foreign body ingestion Oral (mouth) injury
1 Dietary indiscretion - other Presenting complaint not listed
1 Dietary indiscretion - other Vomiting - haematemesis
1 Discharge - aural (ear) Ear (aural) injury
1 Discharge - ocular (eye) Pruritus
1 Discharge - ocular (eye) Skin (cutaneous) abnormality
- eruptions/hives/rash
1 Discharge - ocular (eye) Sneezing
1 Discharge - vaginal Presenting complaint not listed
1 Discharge - vaginal Pruritus
1 Discharge - vaginal Urination abnormal - pollakiuria
1 Dry eye Ophthalmic (eye) abnormality
1 Ear (aural) abnormality Discharge - aural (ear)
1 Ear (aural) abnormality Ear (aural) injury
1 Ear (aural) abnormality Gait abnormality - lameness
1 Ear (aural) abnormality Incontinence - urinary
1 Ear (aural) abnormality Mass/swelling - ear (aural)


























Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2
1 Ear (aural) abnormality Skin (cutaneous) abnormality
- eruptions/hives/rash
1 Ear (aural) abnormality Tremors/shaking/trembling
1 Ear (aural) abnormality Wound
1 Eyelid abnormality Mass/swelling - eye (ophthalmic)
1 Eyelid abnormality Mass/swelling - skin (cutaneous)
1 Faecal appearance abnormal - diarrhoea Anal irritation
1 Faecal appearance abnormal - diarrhoea Faecal appearance abnormal - other
1 Faecal appearance abnormal - diarrhoea Gait abnormality - lameness
1 Faecal appearance abnormal - diarrhoea Mass/swelling - other
1 Faecal appearance abnormal - diarrhoea Salivation - increased/drooling
1 Faecal appearance abnormal - diarrhoea Weight loss
1 Gait abnormality - lameness Mass/swelling - musculoskeletal
1 Gait abnormality - lameness Pain - musculoskeletal
1 Gait abnormality - lameness Posture abnormal - other
1 Gait abnormality - lameness Pyrexia/hyperthermia
1 Gait abnormality - lameness Vomiting - other
1 Gait abnormality - other Posture abnormal - other
1 Incontinence - urinary Urination abnormal - inappropriate urination
1 Incontinence - urinary Urination abnormal - pollakiuria
Continued on next page
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Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2
1 Lethargy Vomiting - other
1 Lethargy Weakness
1 Mass/swelling - abdominal Mass/swelling - skin (cutaneous)
1 Mass/swelling - oral (mouth) Mass/swelling - ear (aural)
1 Mass/swelling - other Mass/swelling - skin (cutaneous)
1 Mass/swelling - other Post-operative complication - wound related
1 Mass/swelling - other Presenting complaint not listed
1 Mass/swelling - other Traumatic episode
1 Mass/swelling - skin (cutaneous) Presenting complaint not listed
1 Mass/swelling - skin (cutaneous) Pruritus
1 Mass/swelling - skin (cutaneous) Skin (cutaneous) abnormality - other
1 Ophthalmic (eye) abnormality Pain - ophthalmic (eye)
1 Ophthalmic (eye) abnormality Pruritus
1 Ophthalmic (eye) abnormality Red eye
1 Ophthalmic (eye) injury Mass/swelling - eye (ophthalmic)
1 Oral (mouth) abnormality - ulceration Wound
1 Pain - other Urination abnormal - pollakiuria
1 Penile/preputial abnormality - other Skin (cutaneous) abnormality
- eruptions/hives/rash
1 Polyuria Urine colour abnormal


























Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2
1 Post-operative complication - wound related Pruritus
1 Presenting complaint not listed Musculoskeletal injury
1 Presenting complaint not listed Skin (cutaneous) abnormality - other
1 Presenting complaint not listed Stiffness
1 Presenting complaint not listed Urination abnormal - other
1 Presenting complaint not listed Wound
1 Pruritus Discharge - aural (ear)
1 Pruritus Ear (aural) injury
1 Pruritus Mass/swelling - ear (aural)
1 Pruritus Mass/swelling - eye (ophthalmic)
1 Pruritus Red eye
1 Pyrexia/hyperthermia Vomiting - other
1 Red eye Pain - ophthalmic (eye)
1 Skin (cutaneous) abnormality Vomiting - other
- eruptions/hives/rash
1 Skin (cutaneous) abnormality - other Vomiting - other
1 Traumatic episode Oral (mouth) injury
1 Traumatic episode Wound
1 Urination abnormal - oliguria Urination abnormal - pollakiuria
1 Urination abnormal - other Urination abnormal - pollakiuria
Continued on next page
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Table A6.3: Frequency of Syndromes With Two Presenting Signs (continued)
Frequency Sign 1 Sign 2


























Table A6.4: Frequency of Syndromes With Three Presenting Signs
Frequency Sign 1 Sign 2 Sign 3
5 Faecal appearance abnormal Vomiting Vomiting - other
- diarrhoea - haematemesis
3 Dietary indiscretion Faecal appearance abnormal Vomiting - other
- other - diarrhoea
2 Coughing Gagging/retching Vomiting - other
2 Dietary indiscretion Faecal appearance abnormal Vomiting - other
- foreign body ingestion - diarrhoea
1 Anorexia Gait abnormality - lameness Pyrexia/hyperthermia
1 Appetite decreased Lethargy Vomiting - other
1 Appetite decreased Presenting complaint not listed Anal irritation
1 Coughing Dietary indiscretion Vomiting - other
- foreign body ingestion
1 Coughing Ear (aural) abnormality Pruritus
1 Coughing Gagging/retching Regurgitation
1 Coughing Presenting complaint not listed Vomiting - other
1 Coughing Vomiting - haematemesis Vomiting - other
1 Defaecation abnormal Dietary indiscretion Paresis/paralysis
- other - other
1 Discharge - ocular (eye) Ophthalmic (eye) abnormality Pain - ophthalmic (eye)
Continued on next page
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Table A6.4: Frequency of Syndromes With Three Presenting Signs (continued)
Frequency Sign 1 Sign 2 Sign 3
1 Discharge - ocular (eye) Ophthalmic (eye) abnormality Red eye
1 Discharge - ocular (eye) Red eye Pain - ophthalmic (eye)
1 Ear (aural) abnormality Ophthalmic (eye) abnormality Ophthalmic (eye) injury
1 Ear (aural) abnormality Pruritus Discharge - aural (ear)
1 Faecal appearance abnormal Faecal appearance abnormal Vomiting
- diarrhoea - haematochezia - haematemesis
1 Faecal appearance abnormal Faecal appearance abnormal Vomiting - other
- diarrhoea - haematochezia
1 Faecal appearance abnormal Lymphadenomegaly Vomiting - other
- diarrhoea
1 Faecal appearance abnormal Pyrexia/hyperthermia Vomiting - other
- diarrhoea
1 Gait abnormality - lameness Mass/swelling Skin (cutaneous) abnormality
- skin (cutaneous) - other
1 Gait abnormality - lameness Pain - other Post-operative complication
- other
1 Gait abnormality - lameness Pruritus Vomiting - other
1 Gait abnormality - lameness Pyrexia/hyperthermia Tachypnoea


























Table A6.4: Frequency of Syndromes With Three Presenting Signs (continued)
Frequency Sign 1 Sign 2 Sign 3
1 Mass/swelling - other Pruritus Skin (cutaneous) abnormality
- other
1 Mass/swelling - other Pruritus Vomiting - other
1 Presenting complaint not listed Pruritus Vomiting - other
1 Urination abnormal Urination abnormal Urine colour abnormal
- dysuria - pollakiuria
1 Urination abnormal Urination abnormal Urine colour abnormal
- oliguria - pollakiuria
306
One syndrome had four signs and one had five. They were each reported just
once.
Four Signs Coughing; Discharge - ocular (eye); Ophthalmic (eye) abnormality;
Vomiting - other
Five Signs Discharge - vaginal; Incontinence - urinary; Polydipsia; Polyuria;
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Figure A12: Accelerometer cover letter with instructions for attaching the device
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Figure A13: Accelerometer A5 flyer with instructions on the study protocol
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. APPENDIX 7: ACCELEROMETER QUESTIONNAIRE
Figure A14: First page of questionnaire sent with accelerometer
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Figure A15: Second page of questionnaire sent with accelerometer. Prior to
posting, the project administrator would place a sticky label with the dog’s ID
in the lower box.
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. APPENDIX 7: ACCELEROMETER QUESTIONNAIRE
Figure A16: Specifications of the Philips Respironics ActiCal
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Appendix 8: Limber Tail
Questionnaires
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. APPENDIX 8: LIMBER TAIL QUESTIONNAIRES
Figure A17: Questionnaire sent to owners of suspected limber tail cases
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